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(54) CURABLE FLU ORO POLYMER, CURABLE RESIN COMPOSITION CONTAINING THE SAME, 
AND ANTIREFLECTION FILM 

(57) There are provided a curable fluorine-containing polymer which can realize a high hardness by photo-curing 
while maintaining a low refractive index, an antiref lection film possessing improved scratch resistance and abrasion 
resistance while maintaining a reflection reducing effect, and an anti reflection-treated article provided with such an 
anti reflection film. The curable fluorine-containing polymer has a number average molecular weight of from 500 to 
1 ,000,000 and is represented by the formula (1): 



-fA-J-fM-)- 



(i) 



in which the structural unit M is a structural unit derived from a fluorine-containing ethylenic monomer and represented 
by the formula (M): 
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-f-CX^-CX 3 -}- 
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(CX 4 X 5 fe-(C=0) b (0-fe- Rf 
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wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same or 
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different and each is H, F or CF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 
2 to 10 carbon atoms and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl 
group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond; 
a is 0 or an integer of from 1 to 3; b and c are the same or different and each is 0 or 1 , 

the structural unit A is a structural unit derived from a monomer copolymerizable with the fluorine-containing ethylenic 
monomer represented by the formula (M), 

and the structural unit M and the structural unit A are contained in amounts of from 0.1 to 100 % by mole and from 0 
to 99.9 % by mole, respectively. 
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Description 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to a novel curable fluorine-containing polymer, a curable resin composition 
prepared from same and a cured article and cured film obtained by curing the curable fluorine-containing polymer and 
also relates to an antireflection film obtained from the cured film and an antiref I ectio n-treated article provided with the 
anti reflection film. 

to BACKGROUND ART 

[0002] As a result of development of multi-media, it has become more important to secure an increased visible area 
(a property of decreasing surface-reflected area when viewing at an angle, which is also called "visibility") of a display 
of various displaying devices. A large size displaying device is also required to have well visible display, which is a 

15 problem to be solved from technical point of view 

[0003] In order to enhance visibility of the displaying device, an antireflection film made of a material having a low 
refractive index has been formed on a substrate of the displaying device. For forming an antireflection film, there is 
known, for example, a method of forming a thin film of a fluorine-containing compound by a deposition method. However 
in the deposition method, it is difficult to form a coating film on a substrate for a large display and yet a cost is high 

20 since a vacuum equipment is required. 

[0004] Such being the case, there have been studied methods of forming an antireflection film by preparing a liquid 
composition by dissolving a fluorine-containing polymer having a low refractive index in an organic solvent and then 
coating the obtained composition on a surface of a substrate (for example, J P6- 11 5023 A, etc.). 
[0005] However in the method of coating the fluorine-containing polymer solution, hardness of a coating film is in- 

25 sufficient and therefore the coating film is damaged and peeled off due to abrasion , thereby lowering appearance of a 
display. 

[0006] Therefore there have been studied methods of preparing a composition by mixing a photo-curable acrylic 
monomer, for example, a fluorine-containing acrylic monomer or a fluorine-containing polyfunctions acrylic compound 
to a fluorine-containing polymer having a low refractive index and after coating the composition, photo-curing the acrylic 

30 monomer (JP7-126552A, JP7-188588A, JP8-48935A, etc.). 

[0007] However in those methods, hardness of the coating film is still insufficient because the fluorine-containing 
polymer itself which is the main component is not crossiinked. In order to increase the hardness, an amount of the 
acrylic monomer or the polyfunctional acrylic compound may be increased, but in that case, a refractive index of the 
cured film is increased and an intended reflection reducing effect is lowered. Also in those methods, the un-reacted 

35 acrylic monomer or polyfunctional acrylic compound is apt to remain in the coating film, which causes lowering of 
physical properties of the cured coating film . 

[0008] Also methods of mixing a fluorine-containing polymer having a photo-reactive (photo-polymerizable) func- 
tional group introduced in its side chain with an acrylic monomer or polyfunctional acrylic compound and photo-curing 
after coating the mixture have been studied (J P 25271 86 and JP 2543903). However the fluorine-containing polymers 
40 described therein are high in a refractive index and therefore are insufficient in performance for an antireflection film. 
In addition, as the numberof cure sites of the fluorine-containing polymer is increased to increase hardness, a refractive 
index becomes high and therefore a reflection reducing effect is further lowered. 

[0009] An object of the present invention is to provide a curable fluorine-containing polymer which can make its 
hardness high by photo-curing while maintaining a low refractive index. 
45 [0010] Another object of the present invention is to provide an antireflection film possessing improved scratch re- 
sistance and abrasion resistance while maintaining a reflection reducing effect and also to provide an antireflection - 
treated article having such an antireflection film thereon . 

DISCLOSURE OF INVENTION 

50 

[0011] The present inventors have made intensive studies to achieve those objects and have found novel curable 
fluorine-containing polymers having an ethylenic carbon-carbon double bond in its side chain and have found that 
when those polymers are used, a cured article having a high hardness can be obtained while maintaining a low refractive 
index. 

55 [001 2] Further the present inventors have found that a cured film of a specific fluorine-containing polymer having a 
carbon-carbon unsaturated bond at an end of its side chain is useful as an antireflection film having both of low reflection 
and high hardness. 

[001 3] The present inventors have completed the present invention mentioned below based on the above-mentioned 



3 



EP 1 347 001 A1 



findings. 

[0014] Thefirstof the present invention relates to a curablefluorine-Gontaining polymer having an ethylenic carbon- 
carbon double bond in its side chain. 

[0015] The curable fluorine-containing polymer of the present invention has a number average molecular weight of 
5 from 500 to 1 ,000,000 and is represented by the formula (1): 



10 



15 



20 



40 



45 



-fM-h-fA-)- (1) 



in which the structural unit M is a structural unit derived from fluorine-containing ethylenic monomer and represented 
by the formula (M): 



(CX^-fe-f C-OWO-fe— Rf 



wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same or 
25 different and each is H , F or CF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 
2 to 1 0 carbon atoms and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl 
group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond; 
a is 0 or an integer of from 1 to 3; b and c are the same or different and each is 0 or 1 , the structural unit A is a structural 
unit derived from monomer copolymerizabie with the fluorine-containing ethylenic monomer represented by the formula 
30 (M), 

and the structural unit M and the structural unit A are contained in amounts of from 0.1 to 1 00 % by mole and from 0 
to 99.9 % by mole, respectively. 

[0016] The second of the present invention relates to a process for preparing a curable fluorine-containing polymer 
having a number average molecular weight of from 500 to 1 ,000,000 which is characterized by esterifying: 
35 fluorine-containing polymer having hydroxy I and represented by the formula (2) 



-f*H— (2) 



in which the structural unit N is a structural unit having hydroxy! and derived from f luorine-containing ethylenic monomer 
and is represented by the formula (N): 



(cx 4 x 5 tr-t c-oyoiH-Rf 1 

wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same or 
different and each is H, F or CF 3 ; Rf 1 is an organic group in which 1 to 3 of Y 5 (Y 5 is hydroxy I or a monovalent organic 
55 group having 1 to 1 0 carbon atoms and hydroxy!) are bonded to a fluorine-containing alkyl group having 1 to 40 carbon 
atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond; a is 0 or an integer of from 
1 to 3; b and c are the same or different and each is 0 or 1, 

the structural unit (B) is a structural unit derived from monomer copolymerizabie with the fluorine-containing ethylenic 
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monomer having hydroxyl which is represented by the above-mentioned formula (N), and the structural unit N and the 
structural unit B are contained in amounts of from 0.1 to 100 % by mofe and from 0 to 99:9 % by mole, respectively, 
with an unsaturated carboxylic acid or its derivative having 3 to 1 0 carbon atoms (a total number of carbon atoms 
including carbon atoms of Y 3 is from 3 to 10) and represented by the formula: 



HOOC -fR^CX^CX^ 8 



to 



15 



20 



25 



30 



40 



wherein R 1 is a divalent organic group which has 1 to 7 carbon atoms and may be substituted with fluorine atom; X 6 
is H, F, CH 3 or GF 3 ; X 7 and X 8 are the same or different and each is H or F; f is 0 or 1 . The obtained curable fluorine- 
containing polymer is represented by the formula (1a): 



~-fM4-)— fA-h (la) 



in which the structural unit M4 is a structural unit derived from a fluorine-containing ethylenic monomer and represented 
by the formula (M4): 



-fCX^-CX 3 -}- 



(M4) 



wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same or 
different and each is Hi, F or GF 3 ; Rf 2 is an organic group in which 1 to 3 of Y 6 having 3 to 10 carbon atoms and 
represented by the formula* 



-f R 2 -fe- o(oo j~t R 1 ir-cx 6 =cx 7 x 8 



wherein R 1 X 6 , X 7 , X 8 and f are as defined above; R 2 is a divalent organic group which has 1 to 7 carbon atoms and 
may be substituted with fluorine atom; g is 0 or 1, are bonded to a fluorine-containing alkyl group having 1 to 40 carbon 
atoms or a fluorine^eontaining alkyl group having 2 to 100 carbon atoms and ether bon 
45 1 to 3; b and c are the same or different and each is 0 or 1 , 

the structural unit A is a structural unit derived from monomer copolymerizable with the fluorine-containing ethylenic 
monomer represented by the formula (M4), and 

the structural unit M4 and the structural unit A are contained in amounts of from 0.1 to 100 % by mole and from 0 to 
99.9 %:by mole, respectively. 

so [0017] The third of the present invention relates to a fluorine-containing resin composition for coating which com- 
prises: 

(a) the above-mentioned curable fluorine-containing polymer or any of the curable fluorine-containing polymers of 
Claims 2 to 14, 

55 (b) an active energy curing initiator which initiates curing with active energy, and 

(c) a solvent, if necessary, and relates to a cured article obtained therefrom, particularly a photo-cured article and 
a cured film. 
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to 



[0018] The fourth of the present invention relates to an antiref lection film. 
[0019] Theantireflectionf^ 
the fluorine-containing prepolymer has: 

(i) a carbon-carbon unsaturated bond at an end of its side chain, and 

(ii) a refractive index of not more than 1 .40, 
and a thickness of the cured film is from 0.03 to 0.5 jxm; 

an antiref lection film which is a cured film obtained by photo-curing a coating film formed by coating a composition 
for coating which comprises: 

(d) the above-mentioned fluorine-containing prepolymer, 

(e) an active energy curing initiator which initiates curing with active energy and 

(f) a solvent, 

15 in which a thickness of the cured film is from 0.03 to 0.5 u.m; or an antiref lection film which is a cured film obtained 

by photo-curing a coating film formed by coating a composition for coating which comprises: 

(d) the above-mentioned fluorine-containing prepolymer, 

(e) an active energy curing initiator which initiates curing with active energy, 
20 (f) a solvent, and 

(g) a curing agent, 

in which a thickness of the cured film is from 0.03 to 0.5 urn. 

25 [0020] The fifth of the present invention relates to an antiref lection-treated article obtained by applying the above- 
mentioned antiref lection film on a substrate. 

[0021] The sixth of the present invention relates to a novel fluorine-containing unsaturated compound. The novel 
compound is a fluorine-containing unsaturated compound represented by the formula (4-1): 



30 



40 



45 



CX V=CX 3 -(CX 4 X 5 ) a -(0) c -Rf ' (4-1) 



wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same or 
different and each is H, F or CF 3 ; Rf is an organic group in which 1 to of 3 Y 3 (Y 3 is a monovalent organic group having 
35 2 to 1 0 carbon atoms and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl 
group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond; 
a is 0 or an integer of from 1 to 3; c is 0 or 1 , 
in which Y 3 is an organic group represented by the formula: 



-(0) d -(C=0)-Y 4 



wherein Y 4 is an alkenyl group or fluorine-containing alkenyl group having 2 to 5 carbon atoms and an ethylenic carbon- 
carbon double bond at its end and d is 0 or 1 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] The curable fluorine-containing polymer of the first invention is, as mentioned above, the curable fluorine- 
containing polymer which has a number average molecular weight of from 500 to 1 ,000,000 and is represented by the 
50 formula (1): 



55 



-tMi— eAt- (i) 



6 



EP 1 347 001 M 

in which the structural unit M is a structural unit represented by the formula (M): 



(cx^ 5 ts-i c=o) b (o%— Rf 

10 

wherein X 1 and X 2 are the «ame or different and each is H or F; X 3 is H, F, ''^^■■:Qr : ^^i:^-mi&^ are the same or 
different and each is H, F or CF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 
2 to 1 0 carbon atoms and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl 
group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond; 
is a is a or an integer of Mm 

the structural unit A is a structural unit derived from monomer ^opolyme^ 
monomer represented by the formula (M), and 

the structural unit M and the structural unit A are contained in amounts of from 0.1 to 100 % by mole and from 0 to 
99.9 % by mole, respectively. 

20 [0023] The structural unit M is a structural unit derived from a fluorine-containing ethylenic monomer represented by 
the formula (3): 



CX 1 X 2 =CX 3 -(CX 4 X 5 ) a -(C=0) b -(0) c -Rf (3) 

25 

wherein X 1 , X 2 , X 3 , X 4 , X 5 , Rf, a, b and c are as defined in the formula (M). 

[0024] Namely, the curable fluorine-containing polymer is a homopolymer of the above-mentioned fluorine-containing 
ethylenic monomer having, in its side chain, an ethylenic carbon-carbon double bond curable by a reaction or a copol- 
ymer having the fluorine-containing ethylenic monomer as an essential component. 
30 [0025] It is preferable that at least one of Y 1 is bonded to an end of Rf . 

[0026] In the curable fluorine-containing polymer of the formula (1) of the present invention, the structural unit M is 
preferably a structural unit M 1 represented by: 



40 



50 



55 



-t-cx 1 x 2 -cx 3 i- 



wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same or 
different and each is H, F or GF 3 ; Rf is an organic group in which i to 3 of Y^ 
2 to 10 carbon atoms and an ethylenic ^c^ 

group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 1 00 carbon atoms and ether bond; 
a is 0 or an integer of from 1 to 3; c is 0 or 1 . 

[0027] The structural unit M1 is a structural unit derived from afluorine-containing ethylenic monomer represented by: 

CX 1 X 2 =CX 3 -(CX 4 X 5 ) a -(0) c -Rf (4) 

wherein X 1 , X 2 , X 3 , X 4 , X 5 , Rf, a and c are as defined in the formula (3). Among the fluorine-containing unsaturated 
compounds represented by the formula (4), the fluorine-containing unsaturated compound represented by the formula 
(4-1): 

CX 1 X 2 =CX 3 -(CX 4 X 5 ) a - (0) c -Rf (4-1) 
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wherein X 1 , X 2 , X 3 , X 4 X 5 a and c are as defined in the formula (4); Rf is an organic group in which 1 to 3 of Y 3 (Y 3 
is a monovalent organic group having 2 to 10 carbon atoms and an ethylenic carbon-carbon double bond at its end) 
are bonded to a fluorine-containing alky I group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 
2 to 100 carbon atoms and ether bond, 
5 in which Y 3 is an organic group represented by the formula: 

- (0) d -(CO)-Y 4 

10 wherein Y 4 is an alkenyl group or fluorine-containing alkenyl group having 2 to 5 carbon atoms and an ethylenic carbon- 
carbon double bond at its end, d is 0 or 1 , 

is a novel compound which has not been disclosed in any publications. 

[0028] The polymer containing the above-mentioned structural unit M1 is particularly low in refractive index, and is 
preferred particularly since a refractive index can be decreased even in the cases of a M 1 homopolymer and a polymer 
15 containing the M 1 in an increased amount. 

[0029] More preferable example of M1 is a structural unit M2 represented by: 



+CH.-CF1- (M2| 
CF 2 -0-Rf 

25 wherein Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 2 to 10 carbon atoms 
and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl group having 1 to 40 
carbon atoms or a fluorine-containing alkyl group having 2 to 1 00 carbon atoms and ether bond. 
[0030] "The structural unit M2 is a structural unit derived from a fluorine-containing ethylenic monomer represented 
by the formula (4-2): 

30 

CH 2 =CF-CF 2 -0-Rf (4-2) 

wherein Rf is as defined in the formula (3). Among the fluorine-containing unsaturated compounds represented by the 
35 formula (4-2), a fluorine-containing unsaturated compound represented by the formula (4-3): 

CH 2 =CFCF 2 0 Rf ' (4-3) 

40 wherein Rf is as defined in the formula (4-1), is a novel compound which has not been disclosed in any publications. 
[0031 ] Namely, the above-mentioned M2 is a structural unit of a fluorine-containing allyl ether having an ethylenic 
carbon-carbon double bond at its end and is preferred since not only a refractive index can be decreased but also 
polymerizability thereof, particularly homo-polymerizabilityandcopolym 
monomer are good. 

45 [0032] Another example of preferable M1 is a structural unit M3 represented by: 



O-Rf 

wherein Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 2 to 10 carbon atoms 
and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl group having 1 to 40 
carbon atoms or a fluorine-containing alkyl group having 2 to 1 00 carbon atoms and ether bond. 
[0033] The structural unit M3 is a structural unit derived from a fluorine-containing ethylenic monomer represented 



8 



by the formula (4-4): 



mm m 



CF 2 =CF-0-Rf 



(4-4) 



wherein Rf is as defined in the formula (3). Among the fluorine-containing unsaturated compounds represented by the 
formula (4-4), the fluorine-containing unsaturated compound represented by the formula (4-5): 



wherein Rf is as defined in the formula (4-1 ) is a novel compound which has not been disclosed in any publications. 
[0034] The above-mentioned M3 is a structural unit of a fluorine-containing vinyl ether having an ethyienic carbon- 
carbon double bond at its end and is preferred since a refractive index can be decreased and copolymerizability with 
the fluorine-containing ethyienic monomer is good. 

[0035] In the curable fluorine-containing polymer of the formula (1 ) of the present invention, Y 1 contained in the 
structural units M, Ml , M2 and M3 is an organic group having 2 to TO carbon atoms and an ethyienic carbon-carbon 
double bond at its end. 

[0036] Namely, the carbon-carbon double bond in Y 1 has an ability of causing polycondensation reaction, ring for- 
mation reaction and addition reaction, and thereby a cured (crosslinked) article can be obtained. Concretely, for ex- 
ample, by contact of the carbon-carbon double bond with radical or cation, there arise a polymerization reaction and 
condensation reaction between molecules of the curable fluorine-containing polymer of the present invention or be- 
tween the curable fluorine-containing polymer and the curing (crosslinking) agent added as case demands, and thus 
a cured (crosslinked) article can be obtained. 
[0037] In the curable f^ 



wherein Y 2 is an alkenyl group or fluorine-containing alkenyl group having 2 to 5 carbon atoms and an ethyienic carbon- 
carbon double bond at its end, d and e are the same or different and each is 0 or 1 , and preferable Y 2 is: 



wherein X 6 is H, F, CH 3 or CF 3 ; X 7 and X 8 are H or F since curing reactivity thereof by contact with radical or cation is high. 
[0038] Examples of the preferable Y 4 in the novel fluorine-containing unsaturated compounds of the present invention 
represented by (4-1), (4-3) and (4-5) are the same as the abp 
[0039] Examples of the preferable Y 2 and Y 4 are: 



CF 2 =CFORf 



(4-5) 



-cx 6 =cx 7 x 8 



-CH-CH, 



-CF-Cfi 



L 2> 




[0040] Examples of more preferable Y 1 and Y 3 are: 



- 0(C-0)CX 6 =CX 7 X 8 

wherein X 6 is H, F, CH 3 or CF 3 , X 7 and X 8 are H or F, which are preferred since a curing reactivity by contact with 
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radical is particularly higher and a cured article can be obtained easily by photo-curing, etc. 
[0041] Examples of the above-mentioned Y 1 and Y 3 are: 



CH, 



OC-CH=CH 2 , -OC-C»CH 2 , -OC-CF=CH 2 , 



O 



I I 



CF3 

-OC-C=CH 2 , -OC-CF=CF 2 



and the like. 

[0042] Other examples of Y 1 are: 



- CH-CH 2 , -CH 2 CH-CH 2 , -OCH 2 CH-CH 2 , 



- OCH=CH 2 , -OCF=CF 2 , 



-C-OCH=CH 2 , -C-OCH 2 CH=CH 2 , 
II II 

o o 



f 



X 

I 

H-CH 2 OC-C=CH 2 (X: H, F or CH 3 ), 



OH 



O 
II 

-CH-CH 2 OCCX=CH 2 (X H, F or CH 3 ), 
OCCX=CH 2 
O 



-CHCH 2 OCH2CH=CH 2> -CHCH 2 OCH 2 CH-CH 2 
OH OCH 2 CH=CH 2 
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and the like. 

[0043] Other examples of Y 3 are: 

-C-CH=CH 2 , 

11 
O 



(X: H, F or CH 3 ), 



~CH-CH 2 OCCX-CH 2 (X: H, F or CH 3 ) 
OjJCX«CH 2 
O 

and the like. . 

[0044] Particularly those which have a structure of -0(C=0)CF=CH 2 are preferred since a refractive index can be 
reduced and a curing (cross! in king) reactivity is particularly high, which enables a cured article to be obtained effectively. 

30 [0045] In Rf contained in the structural units M, M 1 , M2 and M3 of the curable fluorine-containing polymer of the 
formula (1) of the present invention, Rf contained in the novel fluorine-containing unsaturated compounds represented 
by the formulae (4-1), (4-3) and (4-5), Rf 1 contained in the structural unit N of the fluorine-containing polymer of the 
formula (2) having hydroxy! and further Rf 4 and Rf 5 contained in the structural units (A1 ) and (A2) of the curable fluorine- 
containing polymer of the formula (1 -1 ), examples of preferable organic groups excluding the functional groups Y 1 , Y 3 , 

35 Y 5 , Z 1 and Z 2 are fluorine-containing alkylene groups having 1 to 40 carbon atoms and fluorine-containing alkylene 
groups having 2 to 1 00 carbon atoms and ether bond particularly in case where the number of functional groups Y 1 , 
Y 3 or Y 5 is one. In those organic groups, fluorine atom is bonded to carbon atom contained therein. Generally those 
organic groups are fluorine-containing alkylene groups or fluorine-containing alkylene groups having ether bond, in 
which fluorine atom and hydrogen atom or chlorine atom are bonded to carbon atom. Preferred are those having more 

40 fluorine atoms (a higher fluorine content). The fluorine content is not less than 50 %, preferably not less than 70 % on 
the basis of a molecular weight of the organic groups provided that oxygen atoms in the organic groups and the func- 
tional groups are eliminated from calculation. More preferred are perfluoro alkylene groups or perfluoro alkylene groups 
having ether bond. Those organic groups are preferred since a refractive index of the curable fluorine-containing pol- 
ymer can be reduced, particularly since a low refractive index can be maintained even when a curing degree (density 

45 of crosslinking) is made high to increase hardness of the cured article. 

[0046] Too large number of carbon atoms is not preferable because in case of the fluorine-containing alkylene groups, 
there is a case where solubility in a solvent is lowered and transparency is lowered and in case of the fluorine-containing 
alkylene groups having ether bond, there is a case where hardness and mechanical properties of the polymer itself 
and the cured article obtained therefrom are lowered. The number of carbon atoms of the fluorine-containing alkylene 

50 groups is preferably from 1 to 20, more preferably from 1 to 10, and the number of carbon atoms of the fluorine- 
containing alkylene groups having ether bond is preferably from 2 to 30, more preferably from 2 to 20 
[0047] Preferable example thereof is: 



55 



10 



15 



-CH-CH 2 OC-C«CH 2 

T ii 2 

OH O 



20 



25 



11 



EP 1 347 001 A1 



f 



-f CH 2 "te"C- , 
CF 3 



(m: from 1 to 10, n: from 0 to 5) 



<?f 3 

-eCF 2 CF 2 1rt CF 2 CF-fet CH 2 ^ , 
-f-CF 2 CF 2 ti CH 2 CF 2 -ferf CH 2 is , 



CF 3 CF 3 
-fCFafe-C- , -fCH 2 CF 2 jtf CF 2 CF-fe-f CH 2 -fe , 
CF 3 



(1 : from 1 to 10, m: from 1 to 10, n: from Oto 5) 



^CFCF 2 C^CF 2 C^CX 1 VF 2 CF 2 C-^CX 10 4 F t9Firf-CH 2 i r 



X 9 



k 9 ' 



or 



-f CF 2 GFO^CF 2 C^eF 2 CP 2 CX 10, 2 Oi- CF 2 (OF%^CH a it 



(X 9 and X 9 ' are For CF 3 ; X 10 and X 10 ' are H or F; o + p + q is from 1 to 30; ris 0 or 1; 5 and t are 0 or 1 ). 

[0048] Mentioned below are structures of the structural unit M constituting the curable fluorine-containing polymer 

of the present invention and examples of the novel fluorine-containing unsaturated compound. 

[0049] Examples of the preferable monomer giving the structural unit M2 are: 
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CHa-CFCFaOCF-Y 1 , CH 2 = s CFCF 2 OCFCH 2 -Y 1 , 
CF 3 CF 3 



CH 2 =CFCF 2 OCFCH 2 0-Y 1 , CH 2 =CFCF 2 0-f- CFCFaO-fcrCF-Y 1 
CF, CF* CF* 



CH 2 =CFCF 2 0{CFCF 2 0-^CFCH 2 -Y 1 , 
CF 3 CF 3 



CH OT2 0 (f CP^C^OCH^-V. , 
CF 3 

(n: an integer of from 1 to 30) 



i r 

CF, 



CH 2 =CFCF 2 0-f CF 2 CF 2 Oi5-CF 2 -Y l , 
CH 2 =CFCF 2 0-f CF 2 CF 2 0-)s-CF 2 CH 2 -Y 1 , 
CH 2 =CFCF 2 0-f CF 2 CF 2 CF 2 0)n- CF 2 CF 2 -Y 1 , 
CH 2 =CFCF 2 0-f CF 2 CF 2 CF20^rCF 2 CF 2 CH2-Y l , 
CH 2 =CFCF 2 0-f- GH 2 CF 2 CF 2 Oi 5 - CHaCFa-Y 1 , 
CH 2 =CFCF 2 0-eCH 2 CF 2 CF 2 0^ 5 -CH 2 CF 2 CH 2 -Y 1 , 

(n: an integer of from 1 to 30) 

CH 2 =CFCF 2 0-e CFaCFa-fe-Y 1 , 

CF 3 
I 

CH 2 =CFCF 2 0(CF 2 CFi 5 -CH2-Y 1 

and the like. More concretely there are: 
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CH 2 =CFCF 2 0-f CPCF^O-fe- CFCH 2 GOCX=CH 2 , 
CF 3 CF 3 O 



CH 2 =CFCF 2 0-f CFCF 2 Ofe- CFCH 2 OCH 2 CHCH 2 OCCX=CH 2 



I I 
CF 3 CF 3 



II 
O 



OCCX=CH 2 



(X is H, CH 3 , F or CF 3 ; n is 0 or an integer of from 1 to 30) 



CH 2 =CFCF 2 0-f <pFCF 2 0-^FCH 2 OCH=CH 2 , 
CF 3 CF 3 



CH 2 =CFCF 2 CH- CFCF 2 0-hrCFCH 2 OCH 2 CHOCH-CH 2 , 
CF 3 CF 3 OCH~CH 2 



CH 2 =CFCF 2 C~f QFCF 2 0-fe- CF=GF 2 , 
CF, 



(n is 0 or an integer of from 1 to 30) 



GH 2 =CFCF 2 0-t GFCF 2 C-fcr CFCOOCH<=CH 2 , 



CF 3 GF 3 



CH 2 =CFCF 2 0-e GFCF 2 CH^ CFCH 2 OCH 2 CH=CH 2 , 
CF 3 CF 3 



CH 2 =CFCF 2 Of GFGF 2 0%-CFCH 2 OCH 2 GHCH20CH 2 CH=CH 2 , 
CF 3 CF 3 OCH 2 CH»CH 2 
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Rf 1 

CH 2 = i CFCF 2 Of CFCF 2 Ofe- CFCJ- OCCX=CH 2 , 

• I ^-d(2 I' 

CF 3 GF 3 Rf O 

(Rf 1 and Rf 2 are perfluoroalkyl groups having 1 to 5 carbon atoms; n is 0 or an integer of from 1 to 30) 



CH 2 CH=CH 2 
CH 2 -CFCF 2 Of CFCF 2 Ohr CF-C~OCCX=CH 2 , 
CF 3 CF 3 O 

CH 2 CH=CH 2 



(X is H, CHg, F or CF 3 ; n is 0 or an integer of from 1 to 30) 
and the like. 

[0050] Preferable examples of the novel fluorine-containing unsaturated compound of the formula (4-3) are those 
exemplified above as the monomer giving the structural unit M2, in which Y 1 is replaced with Y 3 . 
[0051] More concretely there are: 



CH 2 =CFCF 2 C~f CFCF 2 Oiir CFCH 2 OCCX=CH 2 , 
CF 3 CF 3 I 



CH 2 =CFCF 2 0-(- CFCFaOfe CFCH 2 OCH 2 CHCH 2 OCCX=CH 2 



CF 3 



I 

CF, 



I! 
o 



ocex=cH 2 

ft 



(X is H, CH 3 , F or CF 3 ; n is 0 or an integer of from 1 to 30) 



Rf 1 

CH 2 -CFCF 2 0-e CFCFaOfe CFC^ OCCX=CH 2 



CF, 



CF, Rf2 O 



(Rf 1 and Rf 2 are perfluoroalkyl groups having 1 to 5 carbon atoms; n is 0 or an integer of from 1 to 30) 
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CF3 CP3 



o 

CH 2 CH=CH 2 



(X is H, CH 3 , F or CF 3 ; n is 0 or an integer of from 1 to 30) and the like. 
[0052] Examples of the preferable monomer giving the structural unit M3 are: 



CF 2 =CFOCF 2 CF 2 -Y 1 , CF 2 =CFOCF 2 CF 2 CH 2 ^Y 1 ) 



CF 2 -CFOCF 2 GF 2 GH 2 GCH 2 CIiCH 2 --Y 1 , 



CF 2 -CFOt CFaCFtnY 1 , CF 2 =CFOf CF 2 CFO^CF 2 CF 2 CH 2 
CF3 CF 3 



CF^CFOi-CFsCjiFO^CFaCFsCHaOCHa^HCH^Y 1 , 
CF* Y 1 



(n is from 1 to 30) 

CFg-CFO-f GF^ Y 1 , CF 2 =CFO-f GF^sCHg-Y 1 , 



CF 2 -CFOCF 2 CF 2 OCF 2 -Y 1 , 



CF 2 =CFOCF 2 CF 2 OCF 2 CH 2 -Y 1 



GF 2 «CFOCF 2 CF 2 OCF 2 CH 2 OCH 2 GHCH 2 -Y 1 , 



CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 -Y 1 , 
CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 CH 2 -Y 1 



and the like. 

[0053] More concretely there are: 
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to 



15 



CF 2 =CFO(CF 2 CFO-)s-f CF 2 -)jj CH 2 OCCX=CH 2 , 
CF, O 



CF 2 =CFO(CF 2 CFOi 5r t CF 2 -f s CH 2 OCH 2 CHCH 2 0|CX C K 5 , 
CF* O 



OCCX=CH 2 



20 



CF 2 =CFO-f CF 2 CFO-fcr(- CF 2 -fe CH 2 OCH=CH 2 , 
CF, 



25 



30 



CF 2 =CFO-f CF 2 CFO-fe-f CF 2 -fe CM 2 OCH 2 CHOCH=CH 2 , 
CF 3 OCH=CH 2 



CF 2 »CFO-t CF 2 CFO-fei CF 2 -fe COOCH=CH 2 , 
CF 3 



40 



CF 2 =CFO-f CFaCFOis-f CF 2 -fe CH 2 OCH 2 CH=CH 2 , 



45 



CF 2 =CFOf CF 2 CFO-fe-{ CF 2 -fe CH 2 OCH 2 ^HCH 2 OCH 2 CH-CH 2 , 
CF 3 OCH 2 CH=CH 2 



50 



55 



CF 2 =CFO-t Cf ,OFO-fe-t CF 2 -fe C-OCCX-CH. , 



CF, 



Rf 2 



(Rf 1 and Rf 2 are perfluoroalkyl groups having 1 to 5 carbon atoms) 



17 



EP1 347 001 A1 



? 



H2 en ~ ch 2 



CF 2 =CFO-f CF 2 CFOi^-t CF^ C-OCCX=CH 2 , 



CF, 



II 

O 



C H2CH—CH2 



(m is from 0 to 30, n is from 1 to 3, X is H, CH 3 , F or CF 3 ) 
and the like. 

[0054] Preferable examples of the novel fluorine-containing unsaturated compound of the formula (4-5) are those 
exemplified above as the monomer giving the structural unit M3, in which Y 1 is replaced with Y 3 . 
[0055] More concretely there are: 



CF 2 =CFO(CF 2 CFO-te-f CF 2 i5 CH 2 OCCX=CH 2 , 
CF 3 O 



GF 2 =GFO(GF 2 GFO-fe~t GF 2 is CH 2 OCH 2 CHCH 2 OCCX=CH 2 , 



CF, 



II 
O 



OCCX=CH 2 

I 



r 

CF 2 =GFO-(- CFaCFO-ferf CF 2 i5 C-OCCX=CH 2 , 
CF 3 

Rf 2 



(Rf 1 and Rf 2 are perfluoroalkyl groups having 1 to 5 carbon atoms) 



CIi 2 CIC-- , CIrI 2 
CF 2 =CFO-f CF 2 CFO-fei CF 2 -fe C-OCCX~CH 2 , 



CFo 



O 

CH 2 CHNCH 2 



(m is from Oto 30, n is from 1 to 3, X is H, CH 3 , F or CF 3 ) 
and the like. 

[0056] Examples of a preferable monomer constituting the structural unit M of the curable fluorine-containing polymer 
of the present invention other than M2 and M3 are, for instance, 
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CF 2 =CFCF 2 -0-Rf-Y 1 , CF^CFCFaORf-CHaCHCHa-Y 1 



Y 1 



CF 2 =CF-Rf-Y 1 , CFa^CF-RfCHaCHGHa-Y 1 , 

: :., Y 1 



CH 2 =CH-Rf-Y 1 , CH 2 =CH-Rf-CH 2 CHCH 2 -Y 1 , 

Y 1 



CH 2 =CHO-Rf-Y 1 , CH 2 =CHORf-CH 2 CHCH 2 -Y 1 

Y 1 



and the like, wherein Rf is as defined above. 
[0057] More concretely there are: 



CF 2 =CFCF 2 OCF 2 CF 2 CF 2 -Y 1 , CF 2 =CFCF 2 OCF 2 CF 2 CF 2 CH 2 -Y 1 , 



CF 2 «CFCF 2 OCF 2 CF-Y 1 , CFa-CFCFgpCi^CFCHa-Y 1 , 

CF3 GF3 



CFa^CFeFaOGF^eFCHaOCHsGHCH^^ , 
; 3 



CFo Y 1 



CF 2 =CFCF 2 -Y i ,CF 2 =CFCF 2 CH 2 -Y 1 , 

CF 2 «CFCF 2 CH 2 OCH 2 CHCH 2 -Y 1 , 

Y 1 

CH 2 -CHCF 2 CF 2 CH 2 CH 2 -Y 1 , CH 2 =CHCF 2 CF 2 -Y 1 , 
CH 2 =CHCF 2 CF 2 CH 2 -Y 1 , CH 2 ^GHCF 2 CF 2 GF 2 GF 2 -Y 1 , 
CH 2 =CHCF 2 CF 2 CF 2 CF 2 CH 2 -Y 1 ,, 
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CH^CHCFaCFaCFaCPjjC^OCHaCHCHa-Y 1 , 

Y 1 

5 

CH 2 -CHOCH 2 CF 2 CF 2 -Y 1 , CH 2 -CHOCH 2 CF 2 CF 2 CH 2 -Y 1 

and the (ike. 

10 [0058] In the novel fluorine-containing unsaturated compounds of the formula (4-1) of the present invention, preferred 
examples of the fluorine-containing unsaturated compounds other than those of the above-mentioned formulae (4-3) 
and (4-5) are the monomers exemplified above as the monomers giving the structural unit M other than the structural 
units M2 and M3, in which Y 1 is replaced by Y 3 . 

[0059] In the curable fluorine-containing polymer of the present invention, the structural unit A is an optional com- 
15 ponent and is not limited particularly as far as it is a monomer copolymerizable with the structural unit M, M 1, M2 or 
M3. The structu ral un it A may be selected optionally depending on intended applications and required characteristics 
of the curable fluorine-containing polymer and the cured article obtained therefrom. 
[0060] Examples of the structural unit A are, for instance, 

20 ® Structural units (A1 derived from fluorine-containing ethylenic monomers having functional group 

[0061] These structural units are preferred from the point that adhesion to a substrate and solubility in a solvent, 
particularly a general-purpose solvent are imparted to the curable fluorine-containing polymer while maintaining a low 
refractive index of the polymer and the cured article obtained therefrom and in addition, characteristics such as 
25 crosslinkability other than those influenced by Y are imparted to the polymer. The structural unit of the fluorine-con- 
taining ethylenic monomers having functional group is represented by the formula (A1): 



30 ~f CX n X l2 -^X l3 1- 

(Cx^^oirRf 4 ^ 1 

35 wherein X 11 t X 12 and X 13 are H or F; X 14 is H, F or CF 3 ; h is 0, 1 or 2; i is 0 or 1; Rf 4 is a fluorine-containing alkylene 
group having 1 to 40 carbon atoms or a fluorine-containing alkylene group having 2 to 100 carbon atoms and ether 
bond; Z 1 is selected from -OH, -CH 2 OH, -COOH, carboxylic acid derivative, -S0 3 H, sulfonic acid derivative, epoxy 
group and cyano group. Particularly preferred is the structural unit represented by the formula (A1-1) : 



40 



45 



50 



55 



-f<!H 2 ~CRt (Al-1) 



wherein Rf 4 and Z 1 are as defined in the formula (At). 

[0062] Concretely preferred are structural units derived from fluorine-containing ethylenic monomers such as: 



CH 2 -CFGF 2 0<j:F~Z 1 , CH 2 =CFCF 2 O^PCF 2 0<pF-Z 1 , 
CFo GF 3 CFq 
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GHa-CFCFaOf ^FCFaO-fe- CF-Z 1 , 
CF 3 CF 3 



CH 2 =CFCF 2 OCH 2 CF 2 -Z 1 



CH 2 =CFCF 2 OCH 2 CF 2 CF 2 OCF-Z 1 , 

CF 3 



CH 2 -CFCF 2 OCP 2 CF 2 OCF 2 -Z 1 



and 



CH 2 -CFCF s O-f-CF 2 CF 2 Oi2 CF2-Z 1 . 
[0063] Also there are preferable structural units represented by the formula (A1 -2): 

+»f» (Al-2) 
O-R^-Z 1 



wherein Rf 4 and Z 1 are as defined in the formula (A1). 

[0064] Concretely preferred are structural units derived from monomers such as: 



CF 2 =CFOCF 2 CFOCF 2 CF 2 CH 2 -Z 1 „ 



CF 3 



CF^CFO-fCFaisZ 1 , CF 2 «CFO-f CF^ CH^Z 1 , 

CF 2 =CFOCF 2 CF 2 OCF 2 -Z 1 , CF 2 -CFOCR 2 CF 2 OCF 2 CH 2 -Z 1 

CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 -Z 1 

CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 CH 2 -Z 1 . 
[0065] Examples of other fluorine-containing ethylenic monomers having functional group are: 
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CF 2 =CFCF 2 -0-Rf-Z 1 , CF 2 =CF-Rf-Z 1 , 



CH 2 =CH-Rf-Z 1 , CH 2 -CHO-Rf-Z 1 and the like, 



wherein Rf is the same as Rf of the formula (M). 
[0066] Concretely there are: 

CF 2 =CFCF 2 OCF 2 CF 2 CF 2 -Z i , CF 2 =CFCF 2 OCF 2 CF 2 CF 2 CH 2 -Z 1 , 

CFa-CFCFgOCF^F-Z 1 , CFa^CFCFaOCF^F-CH^Z 1 , 
CF 3 CF 3 

CF 2 =CFCF 2 -Z 1 , CF 2 =CFCF 2 CH 2 -Z 1 , 
CH 2 =CHCF 2 CF 2 CH 2 CH 2 -Z 1 , CH 2 =CHCF 2 CF 2 -Z 1 , 
CH 2 =CHCF 2 CF 2 CH 2 -Z 1 , CH 2 =CHCF 2 CF 2 CF 2 CF 2 -Z 1 , 
CH 2 =CHCF 2 CF 2 CF 2 CF 2 GH 2 -Z 1 , CH 2 =CHO-CH 2 CF 2 CF 2 -Z 1 , 
CH 2 =CHOCH 2 CF 2 CF 2 CH 2 -Z 1 

and the like. 

® Structural units (A2) derived from fluorine-containing ethylenic monomers not having functional group 

[0067] These structural units are preferred from the point that a refractive index of the curable fluorine-containing 
polymer or the cured article obtained therefrom can be kept low and the refractive index can be further reduced. Also 
those structural units are preferred since mechanical properties, glass transition temperature, etc. of the polymer can 
be adjusted by selecting monomers, particularly since the glass transition temperature can be increased by copolym- 
erizing with the structural unit M. 

[0068] Preferred structural units of the fluorine-containing ethylenic monomers are those represented by the formula 
(A2): 



-fcx 15 x 16 -cx 17 i- 

] (A2) 



wherein X 15 , X 16 and X 18 are H or F; X 17 is H , F or CF 3 ; hi, ii and j are 0 or 1 ; Z 2 is H, F or CI; Rf 5 is a fluorine-containing 
55 alkylene group having 1 to 20 carbon atoms or a fluorine-containing alkylene group having 2 to 100 carbon atoms and 
ether bond. 

[0069] Preferred examples thereof are structural units derived from monomers such as: 
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CF 2 =CF 2 , CF 2 =CH 2 , CF 2 =CFCI, CF 2 -CFCF 3 , 



/CF 3 

CF 2 ~G 

CF 3 



to CF 2 =CFO(CF 2 ) n F (n: from 1 to 5), CH 2 =C(CF 3 ) 2 

CF 2 =CFH , CF 2 =CCI 2 , 



15 



20 



25 



CF 2 =CFOCF 2 CFO-.C 3 F 7 , 
CF 3 



CH 2 ~CFCF 2 0(CFCF 2 O^CFHCF 3 
CF 3 



(n: from 0 to 10), 



30 GH 2 =CF-(CF2fe-Z 2 

(Z 2 is as defined in the formula (A2), n: from 1 to 10) , 

35 

CH^-CHOCH^F^-Z 2 

(Z 2 is as defined in the formula (A2), n: from 1 to 10). 

40 

(D Fluorine-containing aliphatic ring structural units (A3) 

[0070] The introduction of these structural units is preferred since transparency can be increased, a refractive index 
can be made lower and further the curable fluorine-containing polymer having a high glass transition temperature can 
45 be obtained and a higher hardness of the cured article can be expected. 

[0071] Preferred fluorine-containing aliphatic ring structural units are those represented by the formula (A3): 



50 



-{(CX 19 X 20 ) nl CX 21 |x 22 (CX 25 X 26 ) n3 }- (A3) 
(Q)n4 (9> n5 



55 \ 

Rf 6 
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wherein X 19 , X 20 , X 23 , X 24 , X 25 and X 26 are the same or different and each is H or F; X 21 and X 22 are the same or 
different and each is hi, F, CI or CF 3 ; Rf 6 is a fluorine-containing alkylene group having 1 to 1 0 carbon atoms or a 
fluorine-containing alkylene group having 2 to 10 carbon atoms and ether bond; n2 is 0 or an integer of from 1 to 3; 
n1 , n3, n4 and n5 are the same or different and each is 0 or 1 . 
[0072] For example, there are structural units represented by: 

-tcx 21 -cx 25 4- 

I i 
o o 

\ 4 

Rf 6 

wherein Rf 6 , X 21 and X 22 are as defined above. 
[0073] Concretely there are: 



-fCF-CF-i 
I I 

o o 

X 

F F 



-\ CF-CFf 
I I 

o o 

X 

CF, CF, 



-4 CF-CF4- 
I I 

o o 

X 

F CF, 



-f CF-CF4 
I I 

o o 



CF 2 C1 CF 2 C1 , CF 3 CF 3 



-( CH-CHf -i CH-CH-}- 



I I 

o o 



o o 

X 

F F 



CI CI CI 

I I I 

■i C - C-f -t CF-C-f -{ CF 2 -CF-CF-CF 2 t 

CF 3 CF 3 , CF 3 CF 3 , CF 2 



CFo CX 23 X 24 

/\ / \ 

-t CF 2 CF CF-f -fCFCF CFf 

\ 1 \ / 

O^^CFjj Q-CF 2 



CF. 



O 
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-ecx l9 x 20 i 



-fCX^X^-CF CF-f 



'CF— CFCF 2 't" 



CF 2 -0 



CF,— O 




0CF 3 
CF-C) 
p O 



{ CF-CF 
/ \ 

o o 



\ / 



CFo-CF 



CF 3 




CF 2 -CF«CF 3 



and the like. 

@ Structural units derived from ethylenic monomers not having fluorine 

[0074] The structural units derived from ethylenic monomers not having fluorine may be introduced to the polymer 
in a range where the introduction does not have an adverse effect on a refractive index {in a range where the refractive 
index does not increase). 

[0075] The introduction of those structural units is preferred since solubility in a general-purpose solvent is enhanced 
and compatibility with additives, for example, a photocatafyst and a curing agent to be added as case demands can 
be improved. 

[0076] Examples of the non-fiuorine-containing ethylenic monomer are as follows. 
a-Olefins: 

Ethylene, propylene, butene, vinyl chloride, vinylidene chloride and the like. 
Vinyl ether or vinyl ester monomers: 

CH 2 =CHOR, CHg^CHOCOR (R: hydrocarbon group having 1 to 20 carbon atoms) and the like. 

Ally I monomers: 



[0077] 



CH 2 =CHCH 2 CI, CH 2 =CHCH 2 OH, CH 2 -CHCH 2 COOH, 



CH 2 =CHCH 2 Br and the like. 



Ally! ether monomers: 



CH 2 =CHCH 2 OR 
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(R: hydrocarbon group having 1 to 20 carbon atoms), 



CH 2 =CHCH 2 OCH 2 CH 2 COOH, 




and the like. 

Acrylic or meth acrylic monomers: 

[0078] Acrylic acid, methacrylic acid, acrylic acid esters, methacryiic acid esters, maleic anhydride, maleic acid, 
maleic acid esters and the like. 

© Structural units derived from alicyclic monomers 

[0079] A structural unit of an alicyclic monomer may be introduced as a component copolymerizable with the struc- 
tural unit M, more preferably as the third component in addition to the structural unit M and the structural unit of the 
above-mentioned fluorine-containing ethyienic monomer or non-fluorine-containing ethylenic monomer (the above- 
mentioned© and® )which is preferable since a high glass transition temperature can be obtained and hardness can 
be increased. 

[0080] Examples of the alicyclic monomer are norbornene derivatives represented by: 




wherein m is from 0 to 3; A, B, C and D are H, F, CI, COOH, CH 2 OH, a perfluoroalkyl having 1 to 5 carbon atoms or 
the like, alicyclic monomers such as: 



and derivatives thereof in which a substituent is introduced. 

[0081] In the curable fluorine-containing polymer of the present invention, various combinations and proportions of 
the structural units M (M 1 , M2 and M3) and A can be selected from the above-mentioned examples depending on 




> 
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intended applications, physical properties (particularly glass transition temperature, hardness, etc.), functions (trans- 
parency and refractive index) and the like. 

[0082] The curable fluorine-containing polymer of the present invention contains the structural unit M (Ml , M2 or 
M3) as an essential component and Is characterized in that the structural unit M itself has functions of maintaining a 

5 low refractive index and imparting transparency to the polymer and functions of imparting hardness, abrasion resist- 
ance, scratch resistance and solvent resistance to the cured article by curing. Therefore even if the curable fluorine- 
containing polymer of the present invention contains a larger amount of the structural unit M or in the extreme case, 
even if the polymer consists of the structural unit M (1 00 % by mole), the low refractive index can be maintained. Further 
the curable fluorine-containing polymer of the present invention is preferred since the cured article having a high curing 

io (crosslinking) density and the coating film having a high hardness and excellent abrasion resistance and scratch re- 
sistance can be obtained. 

[0083] Also in the case of the copolymer of the present invention comprising the structural unit M arid the structural 
unit A of the copolymerizable monomer, when the structural unit A is selected from the above-mentioned examples, 
the polymer which provides the cured article having a higher hardness (high glass transition temperature) and a low 

15 refractive index can be obtained. 

[0084] In the copolymer comprising the structural unit M and the structural unit A, the prdportidn of the structural unit 
M may be not less than 0.1 % by mole based on the whole monomers constituting the curable fluorine-containing 
polymer. It is preferable that the proportion is not less than 2.0 % by mole, more preferably not less than 5 % by mole, 
further preferably not less than 10 % by mole in order to obtain the cured article having a high hardness, excellent 

20 abrasion resistance and scratch resistance and good chemical resistance and soh^ent fesistahce by curing (crosslink- 
ing). 

[0085] Particularly for the ahti reflection film application which requires formation of a cured coating film having ex- 
cellent scratch and damage resistance, it is preferable that the structural u 

than 10 % by mole, preferably not less than 20 % by mole, more preferably not less than 50 % by mole. 
25 [0086] The curable f iuoHne-contathing polymer of the present invention is preferable particularly for the antiref lection 
film application since a reflection reducing effect is not lowered even if the proportion of the structural unit M is increased 
(or even if the number of cure sites is increased). 

[0087] Also in case of the ahtiretlection film application, etc. requiring transparency, preferred combinations and 
proportions of the structural units M and A are those which can make the curable f luorine-containing polymer hon- 
30 crystalline. 

[0088] Preferred fluorine-containing polymers for a coating cbmpositibn aiming at a low refractive index and a high 
hardness ar^ curable fluorine-containing polymere 

35 - (MMA1MA2)- (1-1) 

[0089] The structural unit M in the formula (1 -1 ) is the above-mentioned structural unit having an ethylenic carbon- 
carbon double bond in its side chain, and the same structural units as the above-mentioned preferable examples of 
the formulae (Ml ), (M2) and (M3) can be used as the structural unit M. 
40 [0090] The structural unit A1 is derived from a fluorine-containing ethylenic monomer having functional group in its 
side chain and is represented by the formula (A1): 



~f cx n x 12 -cx 13 i- 

(cx 14 2 iirt oij-Rf 4 ^ 1 

50- 

wherein X 11 , X 12 and X 13 are H or F; X 14 is H, For CF 3 , h is 0, 1 or 2; i is 0 or 1 ; Rf 4 is a fiuorine^eontaimng alkyiene 
group having 1 to 40 carbon atoms or a fluorine-containing alkyiene group having 2 to 1 00 carbon atoms and ether 
bond; Z 1 is selected from -OH, -CH 2 OH, -COOH, carboxylic acid derivative, -S0 3 H, sulfonic acid derivative, epoxy 
55 group and cyano group. The above-mentioned examples of the structural unit A1 derived from the fluorine-containing 
ethylenic monomer having functional group can be preferably used similarly. 

[0091] The structural unit A2 is derived from a fluorine-containing ethylenic monomer not having functional group 
and is represented by the formula (A2): 



(Al) 
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-i CX 15 X 16 -CX 17 -)- ^ 

(cx^ie-fOirriR^z 2 

wherein X 15 ,X 1 ^ and X 18 are H or F; X 17 isH>ForCF 3 ;h1,itandjare0or1^ 

10 alkylene group having 1 to 20 carbon atoms or a fluorine-containing alkylene group having 2 to 100 carbon atoms and 
ether bond. The above-mentioned examples of the structural unit A2 derived from the fluorine-containing ethylenic 
monomer not having functional group can be preferably used similarly. Among them, preferred is a structural unit 
derived from at least one monomer selected from the group consisting of tetrafluorpethylene, chlorotrifluoroethyiene, 
vinylidene fluoride and hexafluoropropylene. 

is [0092] It is preferable that the proportions of the structural units M, A1 and A2 are from 0 to 90 % by mole, from 0 to 
99.9 % by mole and from 0 to 99.9 % by mole, respectively and A1 + A2 is from 1 0 to 99.9 % by mole. It is particularly 
preferable that the proportions of the structural units M , A1 and A2 are from 10 to 80 % by mole, from 1 to 60 % by 
mole and from 20 to 85 % by mole, respectively and A1 + A2 is from 20 to 90 % by mole. When the proportion of the 
structural unit M is too low, hardness of the cured coating film tends to be lowered and strength therepf tend^ 

20 i nsufficient When the proportion of the structural unit A1 is too low, adhesion and coatability to a substrate and solubility 
in a solvent tend to become insufficient. When the proportion of the structural unit A2 is too low, there is a tendency 
that Goatability to a substrate, leveling property and solubility in a solvent become insufficient. 
[0093] In the fluorine-containing polymer comprising those structural units M, A1 and A2, hardness, mechanical 
strength and solvent resistance can be imparted to the cured coating film by a eur^ Also 

25 the functional group of the structural unit A1 can impart adhesion to a substrate, solubU 

ability (wettability and leveling property) to the substrate. Further the structural unit A2 can impart, to the fluorine- 
containing polymer, a mechanicals in a solvent and good eoatability to a substrate, 
[0094] Further since any of the structural units M, A1 and A2 hav^ many fluorine atoms, the abpye-^ 
tions can be imparted while maintaining a low refractive index, and therefore the curable fluorine-containing polymer 

30 is preferred as a coating agent for an antireflection purpose. 

example, in a range of from 500 to 1 ,000,000 in number average molecular weight Preferred molecular weight is from 
1 ,000 to 500,000, particularly from 2,000 to 200,000. 

[0096] When the molecular weight is to low, even after the curing, mechanical properties are apt to be insufficient, 
35 and particularly the cured article and cured coating film become fragile and are apt to lack strength. If the molecular 
weight is too high, solubility in a solvent Is lowered, film forming property and leveling property tend to be lowered 
particularly at forming a thin coating film and storage stability of the curable flyorine-^pntaining polymer tends to be 
lowered. For coating applications, most preferable number average molecular weight is selected in a range of from 
5,000 to 100,000. 

40 [0097] In the curable fluorine-containing polymer of the present invention, though various refractive indices can be 
selected depending on kind and content of the structural unit M and kind of the structural unit A to be used as case 
demands, it is preferable that the refractive index of the curable fluorine-containing polymer itself (before curing) is not 
more than 1 .45, more preferably not more than 1 .40, particularly preferably not more than 1.38. The refractive index 
changes depending on kinds of a substrate and undercoating, but since the curing (crosslinking) can be done while 

45 maintaining a low refractive index, the polymer can be a preferable base polymer for an antireflection film. 

[0098] Also it is preferable that the curable fluorine-containing polymer is soluble in general-purpose solvents, for 
example, in at least one of ketone solvents, acetic acid ester solvents, alcohol solvents and aromatic solvents or in 
solvent mixtures containing at least one of the above-mentioned general-purpose solvents. 
[0099] When the polymer is soluble in general-purpose solvents, it is preferable because film forrning 

50 homogeneity are excellent in coating application, particularly in case of forming a thin antireflection film of about 0.1 
pm thick on various transparent films and displaying substrates. The polymer is also advantageous from the viewpoint 
of productivity in forming an antireflection film. 

[0100] In order to obtain the curable fluorine-containing polymer of the present invention, any of 

55 Q) a method of previously synthesizing a monomer having the functional group Y 1 and then polymerizing, 

<D a method of once synthesizing a polymer having another functional group and then converting the functional 
group by high molecular reaction, thus introducing the functional group Y 1 into the polymer, or the like method can 
be employed. 
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[0101] In the method© in order to obtain the curable fluorine-containing polymer of the present invention having a 
carbon-carbon double bond in its side chain without reacting (curing) the carbon-carbon double bond at an end of its 
side chain, it is necessary to change reactivity of two kinds of doubie bonds (a double bond becoming a trunk chain 
and a double bond becoming a side chain) in a (co)poiymerizable monomer and thereby make only one of the double 
5 bonds participate in the polymerization. In such a method, it is difficult to select the polymerization conditions to obtain 
the curable fluorine-containing polymer of the present invention having a double bond in its side chain, and also it is 
difficult to use a monomer which gives a high curing reactivity of the double bond in the side chain to the obtained 
curable polymer. 

[01 02] On the contrary, the method© is a preferable method since it is easy to obtain the curable fluorine-containing 
10 polymer of the present invention without curing reaction and also from the point that a carkon-earben double bond 
having a high curing reactivity can be introduced to its side chain. 

[0103] Among the methods® , there is preferably employed, for example, a method of obtaining the curable fluorine- 
containing polymer of the present invention by synthesizing the fluorine-containing polymer comprising the structural 
unit N of fluorine-containing monomer having hydroxyl or an organic group Y 3 having hydroxyl and as case demands, 
is the structural unit B of monomer copolymerizable with N, and their reacting the polymer with an unsaturated carboxylic 
acid or its derivative to introduce a carbon -carbon double bond to an end of a side chain of the polymer. 
[01 04] Therefore the second of the present invention relates to the process for preparing the curable fluorine-con- 
taining polymer, which is characterized by esterification reaction, with an unsaturated carboxylic acid or its derivative, 
of the fluorine-containing polymer having hydroxyl and represented by the formula (2): 



-WW 

25 

in which the structural unit N is a structural unit having hydroxyl and derived from a fluorine-containing ethylenic mon- 
omer and is represented by the formula (N): 

30 

^ :; : (N) 

(cx*x 5 ^rf c=oyo Rf 1 



wherein X 1 and X 2 are the same or different arid each is H or F; X^ is H, F, of GF3; X 4 and X 5 am the same or 
different and each is H, For CF 3 ; Rf 1 is an organic group in which 1 to 3 of Y 5 (Y 5 is hydroxyl or a monovalent organic 
group having 1 to 10 carbon atoms and hydroxyl) are bonded to a fluorine-containing alky! group having 1 to 40 carbon 
40 atoms or a fluorine-containing alkyl group having 2 to 1 00 carbon atoms and ether bond; a is 0 or an integer of from 
1 to 3; b and c are the same or different and each is 0 or 1, 

the structural unit B is a structural unit derived from monomer copolymerizable with the fluorine-containing ethylenic 
monomer having hydroxyl and represented by the above-mentioned formula (N), and the structural unit N and the 
structural unit B are contained in amounts of from 0.1 to 1 00 % by mole and from 0 to 99:9 % by mole, respective 

45 [0105] in t^e above-mentioned process for preparing the curablef^ 

examples of the preferable structural unit N of the fluorine-containing polymer having hydroxyl which is a precursor 
represented by the formula (2) are structures which correspond to the above-exemplified respective structural units M 
of the curable fluorine-containing polymer and have the Y 5 having OH group instead of the Y 1 having a carbon-carbon 
double bond. Those structural units can be used preferably As the structural unit B, there can be preferably used the 

50 same structural units as the above-mentioned structural unit A. 

[01 06] The unsaturated carboxylic acid or its derivative wnich is reacted with the fluorine-containing polymer having 
hydroxyl may be any of carboxylic acids or derivatives thereof having a carbon-carbon double bond at an end thereof. 
Particularly preferred are a, p-unsatu rated carboxylic acids or derivatives thereof (f=0). 
[01 07] Examples thereof are, for instance, carboxylic acids represented by: 
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„ 'R 
CH 2 =C v " 



COOH 



wherein R is H, CH 3 , F, CF 3 or CI, or anhydrides thereof, acid halides represented by: 



ch 2 =c;' 

cox 



wherein R is as defined above, X is CI or F, maleic acid, maleic anhydride, maleic acid monoalkylester and the like. 
[0108] Among them, unsaturated carboxylic acid halides are preferred since the reaction can be earned out at room 
temperature and gelling of a prepared polymer can be prevented. 
[0109] Particularly preferred are: 



CH 3 ^ ^ 

CH 2 =CHCOCi , CH 2 =CCOCl and CH 2 =CCOF 



[01 10] The method of reacting the fluorine-containing polymer having hydroxyl with oc,p-unsaturated carboxylic acid 
haiide is not limited particularly and is usually carried out by dissolving the fluorine-containing polymer having hydroxyl 
in a solvent and mixing the oc,p-unsaturated carboxylic acid haiide thereto at a temperature of from about -20° C to 
about 40°C with stirring. 

[0111] In the reaction .through the reaction conditions, HCI and HF are produced and therefore it is desirable to add 
a proper base for tertiary amines such as pyridine, N.N^dimethyJanJH 
tetramethylurea and triethylamine, magnesium metal and the like. Also an inhibitor may be present to prevent a po- 
lymerization reaction of the carbon-carbon double bonds in the starting a, p-unsatu rated carboxylic acid and the ob- 
tained curable fluorine-containing polymer during the reaction. 

[0112] Examples of the inhibitor are hydroquinone, t-butyl hydroquinone, hydroquinone monomethylether and the 
like. 

[0113] The fluorine-containing polymer having hydroxyl before the reaction with the unsaturated carboxylic acid or 
its derivative can be obtained by (co)polymerizing through known method the respective component units such ^^a^ 
ethylenic monomer (N) having hydroxyl and the monomer (B) when used as a copolymerizable component. For the 
polymerization, radical polymerization method, anion polymerization method, cation polymerization method and the 
like can be employed. Among them, the radical polymer jzation method is preferably used fra 

monomer exemplified to obtain the polymer having hydroxyl of the present invention has good radial polymerizability, 
control of composition and molecular weight is easy and production in an industrial scale is easy. 
[01 14] In order to initiate the radical polymerization, means for initiation is not limited particularly as far as the po- 
lymerization proceeds radically. The polymerization is initiated, for example, with an organic or inorganic radical po- 
lymerization initiator, heat, light, ionizing radiation or the like. The polymerization can be carried out by solution polym- 
erization, bulk polymerization, suspension polymerization, emulsion polymerization or the like. The molecular weight 
is controlled by the contents of the monomers to be used for the polymerization, the content of the polymerization 
initiator, the content of a chain transfer agent, temperature, etc. The components of the copolymer can be controlled 
by the starting monomer components. 

[0115] The third of the present invention relates to the composition comprising a curable fluorine-containing polymer. 
One of the compositions of the present invention is the curable fluorine-containing resin composition comprising: 
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(a) a curable fluorine-containing polymer and 

(b) an active energy curing initiator which initiated curing with a^ive energy. 



[01 1 6] The curable fluorine-containing polymer (a) for the composition of the present invention is the above-men- 
tioned curable fluorine-containing polymer having a carbon-carbon double bond in its side chain, and preferred exam- 
ples thereof are the same as those exemplified above. 

[0117] The active energy curing initiator (b) which initiates curing with active energy functions as a catalyst which 
generates radical or cation only by irradiation of, for example, an electromagnetic wave having a wavelength of not 
more than 350 nm, namely ultraviolet light, electron beam, X-ray, y-ray and the like and initiates curing (crosslinking 
reaction) of the carbon -carbon double bond of the curable fluorine-containing polymer. Usually curing initiators which 
generate radical or cation by irradiation of ultraviolet light, particularly those generating radical are used. 
[0118] This curable fluorine-containing resin composition can initiate a curing reaction easily with the above-men- 
tioned active energy, does not require heating at high temperatures and can be subjected to the curing reaction at low 
temperatures. Therefore the composition is preferred from the point that it can be used on substrates, for example, 
transparent resin substrates which have low heat resistance and easily undergo deformation , degrading and coloring 
due to heat. 

[0119] In the composition of the present invention, the curing initiator (b) which initiates curing with active energy is 
optionally selected depending on kind of the carbon-carbon double bond (radical-reactivity or cation-reactivity) in the 
side chain of the curable fluorine-containing polymer (a), kind (wavelength range, etc.) of the active energy, intensity 
of irradiation, efe 

polymer (a) having a radical-reactive carbon-carbon double bond with active energy in an ultraviolet region are, for 
instance, those mentioned below. 

Acetophenone initiators 

[0120] Acetophenone, chloroacetophenone, diethoxyacetophenone, hydroxyacetophenone, a-aminoacetophenone, 
hydroxypropiophenone, 2-methyl-1 -[4-(methylthio)phenyl]-2-morpholinepropane-1 -one and the like. 

Benzoin initiators 

[0121] Benzoin, benzoinmethylether, benzoinethylether, benzoinisopropylether, benzoinisobutylether, benzyld- 
imethyiketal and the like. 

Benzophenone initiators 

[0122] Benzophenone, benzoyl benzoate, methyl-o-benzoyibenzoate, 4-phenylbenzophenone, hydroxybenzophe- 
none, hydroxy-propylbenzophenone, acrylated benzophenone, Michler's ketone and the like. 

Thioxanthone initiators 

[01 23] Thioxanthone, chlorothioxanthone, methylthioxanthone, diethylthioxanthone, dimethylthioxanthone and the 
like. 

Other in itiators 

[0124] Benzyl, a-acyioxime ester, acylphosphine oxide, glyoxyester, 3-ketocoumaran, 2-ethylanthraqumone, eam- 
phorquinone, anthraquinone and the like. 

[01 25] Depending on kind of the fluorine-containing polymer or kind of the above-mentioned active energy curing 
initiator, there is a case where compatibility between the polymer and the initiator is not good and the coating compo- 
sition itself or a coating film after coating becomes turbid in white and transparency and curing reactivity are lowered 
(Experimental Example 21(1)) 

[01 26] The present inventors have found that compatibility between the polymer and the initiator can be improved 
by introducing fluorine atom or an organic group having fluorine atom to the active energy curing initiator. 
[0127] Concretely preferred are initiators having a fluorine-containing alkyi group, a fluorine-containing alkylene 
group, a fluorine-containing alkyl group having ether bond or a fluorine-containing alkylene group having ether bond. 
For example, there are an initiator in which a fluorine-containing carboxylic acid (poiycarboxylic acid) or the like having 
the above-mentioned fluorine-containing organic group is introduced into an initiator having OH group by ester bonding 
(Experimental Example 1 8) and an initiator in which a fluorine-containing carboxylic acid (poiycarboxylic acid) or the 
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like is introduced into an initiator having amino group by amide bonding. 

[0128] The introduction of the flu orine-containing organic group to the initiator is preferred since even in the fluorine- 
containing polymer having a high fluorine content, compatibility is good and curing reactivity and transparency of the 
coating film can be improved (Experimental Example 21(1)). 
5 [01 29] Also as case demands, an auxiliary for photo-initiation such as amines, su If ones or sulfines may be added. 
[0130] Also examples of the initiator which initiates curing of the curable fluorine-containing polymer (a) having a 
cation-reactive carbon-carbon double bond are those mentioned below. 

Onium salts 

10 

[0131] lodonium salt, sulfonium salt, phosphonium salt, diazonium salt, ammonium salt, pyridinium salt and the like. 
Sulfone compounds 

is [0132] p-ketoester, p-sulfonylsulfone, a-diazo compounds thereof and the like. 
Sulfonic acid esters 

[0133] Alkylsulfonic acid ester, haloalkylsulfonic acid ester, aryisuffonic acid ester, iminosulfonate and the like. 

20 

Others 

[0134] Sulfone imide compounds, diazomethane compounds and the like. 

[01 35] Also in those cation -reactive active energy curing initiators, compatibility thereof with the fluorine-containing 
25 polymer can be improved by introducing fluorine atom or a fluorine-containing organic group to the initiators like the 
above-mentioned case. 

[01 36] Another embodiment of the curable fluorine-containing resin composition of the present invention is one using 
a solvent, which is preferable from the point that the composition dissolved and dispersed in the solvent can be coated 
on various substrates to form a coating film and the coating film can be effectively cured by irradiation with active 
30 energy or the like to obtain a cured coating film. 

[0137] Namely, the fluorine-containing resin composition for coating of the present invention is the composition com- 
prising: 

(a) a curable fluorine-containing polymer, 
35 (b) an active energy curing initiator and 

(c) a solvent. 

[0138] There can be preferably used the same curable fluorine-containing polymer (a) and active energy curing 
initiator (b) as in the above-mentioned curable fluorine-containing resin composition. 

40 [01 39] The solvent (c) is not limited particularly as far as the curable fluorine-containing polymer (a), active energy 
curing initiator (b) and additives such as a curing agent, leveling agent and light-stabilizer to be added as case demands 
are uniformly dissolved and dispersed therein. Particularly preferred is the solvent which uniformly dissolves the curable 
fluorine-containing polymer (a). This embodiment using the solvent is preferable from the point that a coating film 
having a high transparency and uniformity can be obtained in high productivity particularly in the antiref lection film 

45 application, etc. where a thin coating film (about 0. 1 jtm thick) is required. 

[0140] Examples of the solvent (c) are, for instance, cellosolve solvents such as methyl cellosolve, ethyl cellosolve, 
methyl cellosolve acetate and ethyl cellosolve acetate; ester solvents such as diethyl oxalate, ethyl pyruvate, ethyl- 
2-hydroxybutyrate, ethyl acetoacetate, butyl acetate, amyl acetate, ethyl butyrate, butyl butyrate, methyl lactate, ethyl 
lactate, methyl 3-methoxypropionate, ethyl 3-methoxypropionate, methyl 2-hydroxyisobutyrate and ethyl 2-hydrox- 

50 yisobutyrate; propylene glycol solvents such as propylene glycol monomethyl ether, propylene glycol monoethyl ether, 
propylene glycol monobutyl ether, propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether ac- 
etate, propylene glycol monobutyl ether acetate and dipropylene glycol dimethyl ether; ketone solvents such as 2-hex- 
anone, cyclohexanone, methyl amino ketone and 2-heptanone; alcohol solvents such as methanol, ethanol, propanol, 
isopropanol and butanol; aromatic hydrocarbons such as toluene and xylene; a solvent mixture of two or more thereof 

55 and the like. 

[0141] Also in order to enhance solubility of the curable fluorine-containing polymer (a), a fluorine-containing solvent 
may be used as case demands. 

[0142] Examples of the fluorine-containing solvent are, for instance, CH 3 CCI 2 F (HCFC-141 b), a mixture of 
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CF 3 CF 2 CHCI 2 and CClF 2 CF 2 CHCIF (HCFC-225), perfluorohexane, perfluoro(2-butyltetrahydrofuran), methoxy-non- 
af luorobutane, 1 ,3-bistrifluoromethylbenzene, and in addition, fluorine-containing alcohois such as: 



5 H(CF 2 CF 2 %CH 2 OH 

(n: an integer of from 1 to 3) , 

10 

(n: an integer of from 1 to 5) and 



15 

(CFg-feCHOH 9 

benzotrifiuoride, perfluorobenzene, perfiuoro(tributyiamine), CiCF 2 CFClGF 2 CFCI 2 and the like. 
[01 43] Those fluorine-containing solvents may be used solely, in a mixture of two or more thereof or in a mixture of 
20 one or more of the fluorine-containing solvents and non-fiuorine-containing solvents. 

[0144] Among them, ketone solvents, acetic acid ester solvents, alcohol solvents and aromatic solvents are preferred 
from the viewpoint of coatabiiity and productivity of a coating film. 

[01 45] The present inventors have found that at dissolving the curable fluorine-containing polymer, when the fluorine- 
containing alcohol solvent is mixed to the above-mentioned general-purpose solvent, a leveling property of the polymer 
25 coating film after the coating on a substrate and drying can be improved. 

[01 46] This effect of improving a leveling property is high in the case of resin substrates, particularly an acrylic resin, 
cellulose resin, polyethylene terephthalate, polycarbonate and polyolefin and is exhibited significantly particularly in 
the case of a polyethylene terephthalate substrate (Experimental Examples 44 and 45). 

[0147] The fluorine-containing alcohol to be added may be one which has a boiling point of not less than 50°C, 
so preferably not less than 80°C and dissolves the curable fluorine-containing polymer. 
[01 48] Examples thereof are, f0r instance, ;;. 



Hit CF 2 CF 2 -) il CH 2 OH 

(n is an integer of from 1 to 4);, 

F-fCFgihCHaOH 

(n is an integer of from 1 to 6), 



45 (CFs-feCHOH 

and the like. 

[0149] Though the fluorine-containing alcohol may be used solely as a solvent, it is effective to mix the fluorine- 
50 containing alcohol in addition to the above-mentioned general purpose solvent such as ketone solvent, acetic acid 
ester solvent, non-fluorine-containing alcohol solvent, aromatic solvent or the like. 

[01 50] When the fluorine-containing alcohol is mixed, an adding amount thereof is not less than 1 % by weight, 
preferably not less than 5 % by weight, more preferably not less than 10 % by weight, particularly from 10 % by weight 
to 30 % by weight based on the whole solvents. 
55 [0151] Further in the present invention, as case demands, a curing agent may be added to the curable fluorine- 
containing resin composition comprising the curable fluorine-containing polymer (a) and the active energy curing ini- 
tiator (b) and also to the fluorine-containing resin composition for coating further containing the solvent (c). 
[01 52] Preferred curing agents are those which have at least one carbon-carbon unsaturated bond and can be po- 
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lymerized with radical or an acid. Examples thereof are concretely radically polymerizable monomers such as an acrylic 
monomer and cati on ically polymerizable monomers such as a vinyl ether monomer. Those monomers may be mono- 
functional monomers having one carbon-carbon double bond or polyfunctional monomers having two or more carbon- 
carbon double bonds. 

[0153] Those so-called curing agents having a carbon-carbon unsaturated bond react by radical or cation generated 
by reaction of the active energy curing initiator (b) in the composition of the present invention with the active energy 
such as light and can be Crosslin ked with the carbon-carbon double bond in the side chain of the curable fluorine- 
containing polymer (a) in the composition of the present invention by copoiymerization. 

[0154] Examples of the monofunctional acrylic monomer are acrylic acid, acrylic acid esters, methacrylic acid, meth- 
acrylic acid esters, oc-fluoroacrylic acid,, a-fluoroacrylic acid esters, maleic acid, maleic anhydride, maleic acid esters 
and (meth)acrylic acid esters having epoxy, hydroxy}, carboxyl or the like. 

[0155] Among them, preferred are aery late monomers having a fluoroalkyl group to maintain a low refractive index 
of the cured article. For example, preferred are compounds represented by the formula: 



X 

I 

CH 2 =C-COORf 



wherein X is H, CH 3 or F; Rf is a fluorine-containing alkyl group having 2 to 40 carbon atoms or a fluorine-containing 
alkyl group having 2 to 100 carbon atoms and ether bond. 
[0156] Examples thereof are: 



X X 
CH 2 =C-COOCH 2 CH 2 -f CP 2 i§ F > CH 2 -CCOOCH 2 CH 2 -f CF 2 i ? F , 



X X 

I I 
CH 2 «C-COOCH 2 --eCF 2 -fe H , CH 2 -CCOOCH 2 CF 3 > 



CH 2 =C-COOCH 2 -f CP 2 i4 H , CH2=CCOOCH 2 (CF 2 ) 6 H , 



X CP 3 X CP 3 

CH 2 =C-COOCH , CH 2 =C-COOC-CF 3 



X GF 3 

1 I 
CH 2 =C-COOCH 2 -t CF 2 % CF , 

CF 3 
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f f F 3 

CH 2 -C-COOCH 2 CF-f OCF 2 CF-f n OC 3 F 7 (n: from 1 to 5) 



and the like. 

[01 57] As the polyfunctional acrylic monomer, there are generally known compounds obtained by replacing hydroxy! 
groups of polyhydric alcohols such as diol, triol and tetraol with acrylate groups, methacrylate groups or a-fluoroacrylate 
groups. 

[0158] Examples thereof are compounds obtained by replacing two or more hydroxy! groups of polyhydric alcohols 
such as 1 ,3-butanediol, 1 ,4-butanediol, 1 ,6-hexanediol, diethylene glycol, tripropylene glycol, neopentyl glycol, trlmeth- 
ylol propane, pentaerythritol and dipentaerythritol with any of acrylate groups, methacrylate groups or a-fluoroacrylate 
groups. 

[01 59] Also there can be used polyfunctional acrylic monomers obtained by replacing two or more hydroxyl groups 
of polyhydric alcohols having a fluorine-containing alkyl group, a fluorine-containing alkyl group having ether bond, a 
fluorine-containing alkylene group or a fluorine-containing alkylene group having ether bond with acrylate groups, meth- 
acrylate groups or a-fluoroacrylate groups. Those monomers are preferred particularly from the point that a low refrac- 
tive index of the cured article can be maintained. 

[01 60] Preferable examples thereof are compounds having structures obtained by replacing two or more hydroxyl 
groups of fluorine-containing polyhydric alcohols represented by the formulae: 



Rf^CH-CH 2 OH , Rf-CH 2 OCH-CH-CH 2 OH , 
OH OH 

( Rf is a fluorine-containing alkyl group having 1 to 40 carbon atoms) 

R 
I 

HOCH 2 C-COOeH 2 GH-Rf , 
CH 2 OH OH 

(Rf is a fluorine-containing alkyl group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 1 to 40 
carbon atoms and ether bond, R is H or an alkyl group having 1 to 3 carbon atoms) 

HO-CH 2 -Rf'-CH 2 OH, 



HO-CH 2 CH-CH 2 -Rf-CH 2 -CHCH 2 OH , 
OH OH 



r r 

2 oc-c< 



HO-CH 2 C-COOCH 2 CH-Rf-CHCH 2 OC-CCH 2 OH , 
CH 2 OH OH OH O CH 2 OH 



(Rf' is a fluorine-containing alkylene group having 1 to 40 carbon atoms or a fluorine-containing alkylene group having 
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1 to 40 carbon atoms and ether bond, R is H or an alkyl group having 1 to 3 carbon atoms) with acrylate groups, 
methacrylate groups or a-fluoroacrylate groups. 

£0161] When those exemplified monofunetional and polyf unctional acrylic monomers are used as the curing agent 
for the composition of the present invention, particularly preferred are a-fluoroacrylate compounds from the viewpoint 

5 of good curing reactivity. 

[0162] In the composition of the present invention, an adding amount of the active energy curing initiator (b) is op- 
tionally selected depending on the content of the carbon-carbon double bonds in the curable fluorine-containing polymer 
(a), an amount of the curing agent and further kinds of the initiator and active energy and an amount of irradiation 
energy (intensity and time) and also depending on whether or not the above-mentioned curing agent is used. When 

to the curing agent is not used, the amount of the initiator is from 0.01 to 30 parts by weight, preferably from 0.05 to 20 
parts by weight, most preferably from 0.1 to 10 parts by weight based on 100 parts by weight of the curable fluorine- 
containing polymer (a).. 

[0163] Concretely the amount of the initiator is from 0.05to50%by mole, preferably from ^O to 20 % by mole, most 
preferably from 0.5 to 1 0 % by mole based on the content (the number of moles) of the carbon-carbon double bonds 

is contained in the curable fluorine-containing polymer (a). 

[0164] When the curing agent is used, the amount of the initiator is from 0.05 to 50 % by mole, preferably from 0.1 
to 20 % by mole, most preferably from 0.5 to 1 0 % by mole based on the total number of moles including the content 
(number of moles) of the carbon-carbon double bonds contained in the curable fluorine-containing polymer (a) and the 
number of moles of the carbon-carbon unsaturated bonds of the curing agent. 

20 [0165] When the curing agent is used, the amount of the curing agent is optionally selected depending on intended 
hardness and refractive index, kind of the curing agent, the content of curable groups of the curable fluorine-containing 
polymer, etc. The amount is desirably from 1 to 80 % by weight, preferably from 5 to 70 % by weight, more preferably 
from 10 to 50 % by weight based on the curable fluorine-containing polymer. If the amount of the curing agent is too 
large, there is a tendency that the refractive index is increased, which is not preferable. 

25 [0166] The content of the solvent (c) in the fluorine-containing resin composition for coating of the present invention 
is optionally selected depending on kinds of solids to be dissolved, the amount of the curing agent, kind of a substrate, 
intended coating thickness, etc. and also depending on whether or not the curing agent is used. It is preferable to 
decide the amount of the solvent so that a concentration of the whole solids in the composition becomes from 0.5 to 
70 % by weight, preferably from 1 to 50 % by weight. 

30 [0167] To the composition of the present invention maybe added various additives as case demands in addition to 
the above-mentioned compounds. 

[0168] Examples of the additives are, for instance, a leveling agent, viscosity control agent, light-stabilizer, moisture 
absorbing agent, pigment, dye, reinforcing agent and the like. 

[0169] Also to the composition of the present invention can be added fine particles of inorganic compounds to in- 

35 crease hardness of the cured article. 

[0170] The fine particles of inorganic compound are not limited particularly. Preferred are compounds having a re- 
fractive index of not more than 1 .5. Desirable fine particles are magnesium fluoride (refractive index: 1 .38), silicon 
oxide (refractive index: 1 .46), aluminum fluoride (refractive index: from 1 .33 to 1 .39), calcium fluoride (refractive index: 
1 .44), lithium fluoride (refractive index: from 1 .36 to 1 ,37), sodium fluoride (refractive index: from 1 .32 to 1 .34), thorium 

40 fluoride (refractive index: from 1 .45 to 1 .50) and the like. It is desirable that a particle size of the fine particles is suffi- 
ciently small as compared with wavelengths of visible light in order to ensure transparency of the low refractive index 
material. The particle size is preferably not more than 100 nm, particularly preferably not more than 50 nrn. 
[01 71] When the fine particles of inorganic compound are used, it is desirable to use them 

previously dispersed in an organic dispersion in order not to lower dispersion stability in the composition and adhesion 

45 in the low refractive index material. Further in order to enha^ 

compound in the composition and adhesion in the low refractive index material, surfaces of the fine particles of inorganic 
compound can be previously modified with various coupling agents. Examples of the coupling agent are, for instance, 
organosilicon compounds; metal alkoxides such as aluminum, titanium, zirconium, antimony and a mixture thereof; 
salts of organic acids; coordination compounds bonded with a coordinative compound; and the like. 

so [0172] In thefluorine-containing resin composition forcoating of the present invention, thecurablefluorine-contam 
polymer (a) or additives maybe in either form of dispersion or solution in the solvent (c). In order to form a uniform thin 
coating film and enable the coating film to be formed at relatively low temperatures, the form of uniform solution is 
preferred. 

[01 73] For the coating, known coating methods can be employed as far as a coating thickness can be controlled. 
55 [0174] For example, there can be employed a roll coating method, gravure coating method, micro-gravure coating 
method, flow coating method, bar coating method, spray coating method, dye coating method, spin coating method, 
dip coating method and the like. The coating method can be selected in consideration of kind and shape of a substrate, 
productivity, controllability of a coating thickness, etc. 
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[0175] The curable resin composition of the present invention comprising the curable fluorine-containing polymer 
(a) and the active energy curing initiator (b) and the coating film obtained by coating the fiuorine-containing resin 
composition for coating of the present invention on a substrate by the above-mentioned coating method and then drying 
can be photo-cured by irradiation of active energy rays such as ultraviolet light, electron beam or radioactive ray. 

5 [0176] By the photo-curing, the cariDon-cafbdn double bonds in the cur able fluorine-contaimng polymer (a) of the 
present invention are polymerized between the molecules, and the carbon-carbon double bonds in the polymer de- 
crease or disappear As a result, hardness of the resin becomes high, a mech an teat strength is increased, abrasion 
resistance and scratch resistance are increased and further the composition not only becomes insoluble in a solvent 
in which the composition is soluble before the curing but a^ 

io [01 77] The fourth of the present invention relates to the anti reflection film. 

[0178] Namely, the anti reflects on film is the cured coating film of the fluorine-containing prepolymer which has a 
coating thickness of from 0.03 to 0.5 urn and is characterized in that the prepolymer has: 



(1) a carbon-carbon unsaturated bond at an end of its side chain, and 
15 (2) a refractive index of not more than 1 .40. 



[01 79] This invention was completed based on the findings of the present inventors that when the fluorine-containing 
prepolymer which has a carbon-carbon unsaturated bond capable of curing (crosslinking) and is low in a refractive 
index is coated on a transparent substrate in a specific coating thickness and is cured, an antirefiection film having a 
20 reflection reducing effect and in addition, a high hardness, abrasion resistance and scratch resistance can be obtained. 
When such a prepolymer is used, coatability (smoothness and uniformity of a coating thickness) is good, a low molecular 
weight monomer component is hard to remain in the coating film after the curing, and therefore the coating film is free 
from feeling of tackiness on its surface and has excellent characteristics. 

[0180] The curing can be carried out with heat and light (in a system containing an initiator). However when the 
25 antirefiection film is provided on a transparent resin substrate, applying high temperatures on the substrate is not 
preferable because thermal deterioration and thermal deformation of the substrate are apt to occur. Therefore the 
curing with light is preferred, and it is preferable that the fluorine-containing prepolymer has a carbon-carbon unsatu- 
rated bond capable of photo-curing (for example, photo-polymerizing). 

[0181] For obtaining an antirefiection film by photo-curing a fluorine-containing prepolymer, there is usually employed 
30 a method of obtaining a cured coating film by preparing a coating composition comprising: 

(d) the above-mentioned fluorine-containing prepolymer, 

(e) an active energy curing initiator, and 

(f) a solvent, 

35 coating the coating composition on a substrate, forming a coating film (not-cured) by drying and then irradiating 

the coating film with active energy ray such as ultraviolet light, electron beam, radioactive ray or the like. The light 
irradiation may be carried out in either of air stream and inert gas stream such as nitrogen gas. Particularly the 
light irradiation in an inert gas stream is preferred from the viewpoint of good curing reactivity, and a coating film 
having a higher 

40 

[0182] As the fiuorine-containing prepo 

containing prepolymers can be used as far as they have a reactive carbon-carbon unsaturated bond in the side chain 
thereof. From the viewpoint of good reactivity, an ethylenic carbon-carbon 

[0183] Particularly preferred is a combination use of the fluorine-containing prepolymer (d1) having a radically po- 
45 lymerizable ethylenic carbon-carbon double ^ bond and the initiator (e) generating radical by irradiation of active energy 
ray from the point that the polymerization reaction occurs rapidly, a degree of pbiymerrzaliori is high and the curing 
can be easily carried out. 

[0184] Also the fluorine-containing prepolymer (d2) having an acid-poiymerizable carbon-carbon double bond can 
be used in combination with an initiator generating an acid by irradiation of active energy ray, which is preferable from 

so the point that the curing reaction is less affected by air (oxygen), etc. at the time of light irradiation. 
[0165] The fluorine-containing prepolymer to be used for the antiref lection fifm of the pre^ 
the same as the above-mentioned curable fluorine-containing polymers, and among the above-rnen^ 
of the curable polymer, those which have a high transparency, are non-crystalline and have a ref raeth/e index of not 
more than 1 .40, preferably not more than 1.38 are selected. Further among them, it is preferable to optionally select 

55 the polymers depending on intended hardness, kind of a substrate, coating method, coating conditions, coating thick- 
ness, uniformity of a coating film, adhesion to the substrate, etc. 

[0186] As the active energy curing initiator (e) to be used for the antirefiection film of the present invention, the same 
initiators as exemplified in the above-mentioned curable fluorine-containing resin composition can be used. Kind and 
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an amount pf the initiator ^ 

content) of the carbon-carbon unsaturated bond in the fluorine-containing prepolymer, curing conditions, a pot life of 
the coating, etc. 

[01 87] As the solvent (f ), there can be used those exemplified in the above-mentioned curable resin composition for 
5 coating. Kind and an amount of the solvent (f) are optionally selected from the above-mentioned examples depending 

on intended eoatability, film forming property, uniformity of a coating thickness, productivity in coating, etc. Among the 

solvents, those which cause dissolving and swelling of the transparent substrate are not preferred. 

[0188] Particularly preferred are those selected from ketone solvents, acetic acid ester solvents, alcohol solvents 

and aromatic hydrocarbon solvents, ,.^.v +^4y- :: .^m; 

to [0189] In the anti reflection film of the present invention, it is natural that the same curing agent (g) as mentioned 

above may be used together with the curable f iuorine-eontaining prepolymer (o"). The use of the curing agent pan make 

hardness of the cured coating film higher. 

[01 90] Kind and an amount of the curing agent (g) to be used preferably are the same as those mentioned in the 
above-mentioned fluorine-containing resin composition for coating. 
15 [01 91] It is preferable that after coating of the coating composition and curing of the fluorine-containing prepolymer, 
the cured article {coating film) has a refractive M 

preferably not more than 1 .40. Most preferred is a refractive index of not more than 1 ,38. A lower refractive index 
more advantageous from the viewpoint of a reflection reducing effect. 

[01 92] A preferable coating thickness of the antiref lection film to be used on various substrates varies with the re- 
20 tractive indices of the film and substrate and is selected in the range of from 0.03 to 0.5 jxm, preferably from 0.07 to 
0 .2 um ; more preferably f rom 0.08 too. 1 2 um. When the coating thickness is too small, there is a tendency that reduce 
of reflectance due to light interference in visible light becomes insufficient When the coating thickness is too large, 
since the reflectance comes to depend only on a reflection nearly at an interface between air and film, there is a 
tendency that reduction of reflectance due to light interference in visible light becomes insufficient It is particularly 
25 preferable that a proper coating thickness is set so that a wavelength exhibiting a minimum reflectance of an antire^ 
flection-treated article provided with the antireflection film is usually from 420 to 720 nm, preferably from 520 to 62p nm. 
[0193] The fifth of the present invention relates to the > antireflection-treated article obtained by applying the antire- 
flection film on a substrate. 

[0194] Kind of the article, namely kind of the substrate which is provided with the antireflection film is not limited 
30 particularly. Examples thereof are, for instance, inorganic materials such as glass, stone, concrete and tile; synthetic 
resins, namely vinyl chloride resin, polyethylene terephthalate, cellulose resins s 

bonate resin, polyolefin resin, acrylic resin, phenol resin, xylene resin, urea resin, meiamine resin, diallyl phthalate 
resin, furan resin, amino resin, alkyd resin, urethane resin, vinyl ester resin and poly imide resin; metals such as iron, 
aluminum and copper; wood, paper, printed matter, printing paper, picture, etc. When a certain portion of the article 
35 other than a specific portion thereof provided with the antireflection film and the shape of the specific portion is lifted 
up by a reflecting light, a decorative effect of the article can be enhanced. 

[0195] The antireflection film can be preferably provided particularly on the transparent resin substrates such as an 
acrylic resin, polycarbonate, cellulose rein, polyethylene terephthalate and polyplef in resin, and a reflection reducing 
effect can be exhibited effectively. 
40 [01 96] The present invention is effectively applied on the following articles. 

Optical parts such as prism, lens sheet, polarizing plate, optical filter, lenticular lens, Fresnel lens, screen of rear pro- 
jection display, optical fiber and optical coupler; 

Transparent protection plates represented by glass for show window, glass for display case, cover for advertisement 
and cover for photo-stand; Protection plates for CRT, liquid crystal display, plasma display and rear projection display; 
45 Optical recording media such as magnetic optical disk, read only type optical disks such as CD, LD and DVD, phase 
transition type optical disk such as PD and hologram recorder; 

Photolithography-related members for production of semiconductors such as photoresist, photomask* pellicle and ret- 
icule; 

Protection covers for light emitters such as halogen lamp, fluorescent lamp and incandescent lamp; and 
so Sheet or film for adhering to the above-mentioned articles. 

[01 97] The antireflection film of the present invention may be formed into a cured coating film having a thickness of 
about 0.1 um by applying a solution of the fluorine-containing prepolymer (d) directly on a substrate and then irradiating 
the coating film with light, or the antireflection film may be formed, as a top coat, on one or plural undercoat layers 
formed on the substrate. 

55 [0198] The effects of the undercoat are roughly classified into three, namely an increase of scratch resistance of the 
top coat, protection of the substrate and an increase of a reflection reducing effect by providing the layers having a 
refractive index higher than that of the substrate. In order to increase scratch resistance of the top coat, a self ^repairing 
undercoat mentioned in JP7-1 68005A may be used. Also for the protection of the substrate, a coating generally called 
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a hard coat may be used. Examples of the hard coat are cured articles from curable acrylic resin, epoxy resin and 
silicon aikoxide compounds, cured articles from metal alkoxide compounds and the like. A heat curing method can be 
applied on ail of them. For the acrylic resin and epoxy resin, a photo-curing method (ultraviolet light) is preferred from 
the viewpoint of productivity. 

5 [0199] With respect to CRT and plasma display, static electricity easily deposits on the surface thereof due to char- 
acteristics of equipment. Therefore it is preferable to mix, to the undercoat layer and/or top coat layer as mentioned 
above, an additive imparting electric conductivity. Examples of the additive are polymers having ionic group such as 
-COO-, -NH 2 , -NH 3 + , -NR 11 R 12 R 13 , in which R 11 , R 12 and R 13 are, for example, methyl, ethyl, n-propyl, n-butyl or the 
like, or -S0 3 -, silicone compounds, inorganic electrolytes (for example, NaF, CaF 2 , etc.) and the like. 

10 [0200] Also in order to prevent adhesion of dust, it is preferable to add an anti-static agent to the undercoat layer of 
the antireflection film and/or top coat layer. Examples of the additive are the above-mentioned additives imparting 
electric conductivity and in addition, fine particles of metal oxides, fiuoroalkoxysilane, surfactants (anionic, cationic, 
amphorytic and nonionic surfactants) and the like. 

[0201] Examples of the preferable anti-static agent to be added to the undercoat layer are fine particles of metal 
ts oxides, concretely antimony-doped tin oxide (ATO) and indium-containing tin oxide (ITO) since the anti-static effect is 
high, is maintained for a long period of time and is hardly affected by humid and since the refractive index of the 
substrate can be adjusted because transparency and refractive index of t 

the reflection reducing effect to be enhanced. From the viewpoint of transparency, ATO is preferred, and from the 
viewpoint of anti-static effect or electric conductivity, ITO is preferred. Even in case where no anti-static effect is required, 

20 a reflection reducing effect can be increased with those additives since the refractive index can be adjusted easily. 
[0202] Also since ATO and ITO easily scatter and absorb light, in order not to prevent transmission of light, the 
thickness of the undercoat layer is preferably sub-micron or so. In order to decrease dependency of the reflection 
reducing effect on a wavelength and to increase the reflection reducing effect throughout the whole wavelength, the 
thickness of the undercoat layer is preferably from 0.05 to 0.3 urn though it depends on the refractive index of the cured 

25 fluorine-containing prepolymer. An optimum refractive index is preferably from 1 .55 to 1 .95 though it also depends on 
the refractive index of the fluorine-containing polymer. 

[0203] In order to impart anti-static property to the cured fluorine^containing prepolymer coating film, alkoxysilane 
anti-static agents are preferred from the point that the refractive index is hardly increased and those agents do not 
have an adverse effect on the reflection reducing effect. Fiuoroalkoxysilane is further preferred since its action to 
30 increase the refractive index is further smaller and in addition, an effect of improving surface characteristics can be 



[0204] Also as a method entirely different from the above-mentioned method of modifying a part of the film, there is 
a method of forming a surfactant layer in a thickness not having an adverse effect on the reflection reducing ability as 
mentioned in JP8-142280A. When this method is applied to the present invention, there is an effect of preventing 

35 adhesion of dust and enhancing stain-proofing property. There is the same effect also in the case of forming the hard 
coat layer. mm--^. ■ 
[0205] The hard coat layer can be formed by the method of coating a solution of alkoxysilane or polysilazane and 
then heating and curing. Also a cured film obtained from an ultraviolet curable acrylic coating or a cured film obtained 
by melamine-crosslinking can be used. 

40 [0206] Further the antireflection film of the present invention may be provided on an undercoat layer formed by 
applying a coating agent containing fine particles as a flattening agent, namely on a substrate film (for example, TAG 
film and the like) subjected to anti-glaring (AG) treatment. Thereby the antireflection film having a low gloss and a low 
reflection can be obtained. Such a film, when used for LCD and the like, is preferred since a further vivid image can 
be obtained. 

45 [0207] The antireflection film of the present invention has a high fluorine content and a low surface contact angle 
and also possesses water repelling property, non-tackiness and stain-proofing property and therefore can be used as 
both of the antireflection layer and stain-proofing layer. 

[0208] Further in order to impart stain-proofing property to the antireflection layer, a fluorine-containing polyether 
compound can be added. In that case, the adding arnouhto^ 

50 of mechanical properties and white turbidily due to phase separate 

boxyl group, blocked carboxyl group, hydroxyl group, epoxy group, alkoxysilane group, (meth)acryloyl group or a- 
fluoroacryloyl group is introduced to an end of the compound, the compound is easily fixed in the eoatiri)g film (Expert 
imental Examples 33, 34 and 35). Also there is the same effect when the same polyether compound as above is coated 
on a surface of a previously formed antireflection film (a coating film before or after curing). 

55 [0209] For forming a thin film of the curable fluorine-containing polymer, there are a method of coating a dispersion 
of the curable fluorine-containing polymer, drying and then baking if necessary and a method of coating a solution 
(uniform solution) of the polymer and then drying. Preferred is the coating of the solution since a thin film is easily 
formed. In that case, as far as a coating thickness can be controlled sufficiently, known coating methods can be em- 



expected. 
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ployed. For example, a roll coating me^ gravu re coating method, flow coating meth- 

od, bar coating method, spray coating method, die coating method, spin coating method and dip coating method can 
be employed. The optimum coating method is selected from them in consideration of a balance of productivity, con- 
trollability of a coating thickness, yield, etc. The antiref lection film formed into a film or sheet may be adhered to a 
5 substrate. 

[0210] In the present invention, a silane compound may be added to enhance adhesion of the antiref lection film to 
the substrate. An amount of the silane compound added to the coating film may be several % by weight. Also treating 
of a substrate surface with a silane compound has an effect on improvement of adhesion. In the present invention, in 
any of the above cases, the silane compound hardly increases the refractive index of the > cured film and therefore an 
10 influence thereof on the reflection reducing effect is very small. 

[021 1] The present invention is then explained by means of experimental examples, but is not limited to them. 

PREPARATION EXAMPLE 1 

15 (Synthesis of homopolymer of fluorine-containing allyl ether having OH group) 

[0212] A 1 00 ml four-necked glass flask equipped with a stirrer and thermometer was charged with 20.4 g of per- 
fluoro-(1 ,1 ,9,9-tetrahydro-2,5-bistrifluoro^ 

20 

CH 2 «CFCF 2 OCFCF 2 OCFCH 2 OH 
CF 3 CF3 

25 

and 21 .2 g of a perfluorohexane solution of 8.0 % by weight of: 



30 [H-fCF 2 CF2i3COOi 2 

and after the inside of the flask was suff iciently replaced with nitrogen gas, stirring was carried out at 20°C for 24 hours 
in nitrogen gas stream and thereby a solid having a high viscosity was produced. 
35 [0213] The obtained solid was dissolved in diethyl ether and poured into perfluorohexane, followed by separating 
and vacuum drying to obtain 1 7.6 g of a transparent colorless polymer. 

[0214] Accordingto 19 F-NMR, 1 H-NMR and IR analyses, the polymer was a fluorine-containing polymer consisting 
of the structural unit of the above-mentioned fluorine-containing allyl ether and haying hydroxyl at an end of its side 
chain. The number average molecular weight of the polymer was 9,000 according to the GPC analysis using tetrahy- 
40 drofuran (THF) as a solvent and the weight average molecular weight thereof was 22,000. 

EXPERIMENTAL EXAMPLE 1 

(Synthesis of curable fluorine-containing polymer having a-f I uoroacryloy I group) 

[0215] A 200 ml four-necked flask equipped with a reflux condense^ 
charged with 80 ml of diethyl ether, 5.0 g of the fiuorine-eontairo^ 

obtained in Preparation Example 1 and 1 .0 g of pyridine, followed by cooling to S°G or lower with ice. 
[0216] Then a solution obtained by dissolving 1 .0 g of a-fluoroacrylic acid fluoride CH^CPCOF in 20 ml of diethyl 
so ether was added thereto dropwise over about 30 minutes while stirring in nitrogen gas stream. 

[021 7] After completion of the addition, the flask temperature was raised to room temperature and the stirring was 
further continued for 4.0 hours. 

[0218] The ether solution after the reaction was put in the dropping funnel, followed by washing with water, 2 % 
hydrochloric acid solution, 5 % NaC1 solution and water and then drying with anhydrous magnesium sulfate. Then the 
55 ether solution was separated by filtration. 

[0219] According to 19 F-NMR analysis of the ether solution, the obtained polymer was a copolymer comprising a 
fluorine-containing allyl ether having 
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-0|CF=CH 2 
O 

group and a fluorine-containing allyl ether 
having OH group in a ratio of 40:60 % by mole. 

[0220] The ether solution was coated on a NaCI plate and formed into a cast film at room temperature. According 
to IR analysis of the cast film, an absorption of a carbon-carbon double bond was observed at 1 ,661 enr 1 , and an 
absorption of 0=0 group was observed at 1,770 cm" 1 . 

EXPERIMENTAL EXAMPLE 2 

(Synthesis of curable fluorine-containing polymer having a-fluoroacryloyl group) 



[0221 ] A curable fluorine-containing polymer (ether solution) was synthesized in the same manner as in Experimental 
Example 1 except that 0.65 £ ^ 1.0 g of pyridine were used. 

[0222] According to ^F-MMR analysts, the polymer was a copolymer comprising a fluorine-containing allyl ether 
having 



-OCCF-CH 
II 
O 



group and a fluorine-containing allyl ether having OH group in a ratio of 30:70 % by mole. 

[0223] According to IR analysis, an absorption of a carbon-carbon double bond and an absorption of C=0 group 
were observed at the same positions, respectively as in Experimental Example 1 . 



EXPERIMENTAL EXAMPUE3 

(Synthesis of curable fluorine-containing polymer having a-fluoroacryloyl group) 



[0224] A curable fluorine-containing polymer (ethersolution) was synthesized in the same manner as in Experimental 
Example 1 except that 0.35 ^ 

[0225] According to 19 F-NMR analysis, the polymer was a copolymer comprising a fluorine-containing allyl ether 
having 

-0|CF«CH 2 
O 

group and a fluorine-containing allyl ether having OH group in a ratio of 15:85 % by mole. 

[0226] According to IR analysis, an absorption of a carbon-carbon double bond and an absorption of G=0 group 
were observed at the same positions, respectively as in Experimental Example 1. 

EXPERIMENTAL EXAMPLE 4 

(1) Preparation of fluorine-containing resin composition for coating 

[0227] After methyl ethyl ketone (MEK) was added to the fluorine-containing polymer (ether solution) having a-fluor- 
oacryloyl group which was obtained in Experimental Example 1 , ether was distilled off with an evaporator to adjust a 
concentration of the polymer to 8.0 % by weight. 

[0228] To 1 0 g of the obtained polymer solution was added, as an active energy curing initiator, 1 .7 g of a solution 
obtained by dissolving 2-hydroxy-2-methyl propiophenone in MEK in a concentration of 1 % by weight. 
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(2) Production of anti reflection film 

[0229] The above-mentioned coating composition was coated on a non-treated acryl plate at room temperature at 
1 ,000 to 2,000 rpm with a spin coater, followed by drying at 50°C for five minutes. The number of revolutions of the 
5 spin coater was adjusted so that a coating thickness after the drying became from 90 to 110 nm. 

(Light irradiation) 

[0230] The coating film after the drying was irradiated with ultraviolet light at an intensity of 3,000 mJ/cm 2 U using a 
10 high pressure mercury lamp. 



(3) Measurement of refractive index of curable fluorine-containing polymer 

[0231] The 8 % MEK solution of the curable fluorine-containing polymer (the polymer solution before adding the 
is catalyst for curing in (1) above) was 

became about 1 00 u.m. After drying at 50°C for ten minutes, the obtained cast film was peeled from the PET film and 
a refractive index thereof was measured using an Abbe's ref ractometer at 25°C with light having a wavelength of 550 
nm. The results are shown in Table 1 . 

20 (4) Measurement of refractive index of cured film 

[0232] The coating composition prepared in (1) above was coated on an aluminum foil with an applicator so that a 
coating thickness became about 1 00 u,m, followed by drying at 50°C for ten minutes. After the light irradiation was 
carried out in the same manner as in (2) above, the aluminum foil was melted with diluted hydrochloric acid to obtain 
25 a sample film. A refractive index of the obtained cured film was measured in the same manner as in (3) above. 

i5) Measurement oi reflectance 



[0233] The acryl plate having the antiref lection film which was obtained in (2) above was set on a UV-VIS spectro- 
30 photometer equipped with a 5° regular reflection unit, and a reflectance was measured with light haying a wavelength 
of 550 nm. 



(6) Evaluation of physical properties of antireflection film 



35 [0234] The following physical properties of the anti^ 
® Set to touch 

[0235] Tackiness of the film is evaluated by touching with a finger according to JIS K4500. 
40 The evaluation is made as follows. 
O: There is no tackiness, 
x : There is tackiness. 

© Pencil hardness 

45 

[0236] Measured according to JIS K5400. 
@ Solvent resistance 

so [0237] After the surface of the coating film is rubbed with a cotton cloth impregnated with ethyl acetate, condition 
(dissolved or peeled) of the surface is evaluated. 

[0238] When there is no change, it is evaluated as O, and when there is dissolving or peeling, it is evaluated as x. 
[0239] The evaluation is also carried out in the same manner as above with respect to the case using acetone as a 
solvent. 

55 

® Abrasion resistance 

[0240] A cotton cloth (BEMCOT (Registered trademark) M-3 available from Asahi Chemical Co., Ltd.) is fitted to a 
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rubbing tester, and the antireflection film is rubbed by 100 rubbing cycles at a load of 1 00 gf/cm 2 . Then the condition 
of the film is observed. 
[0241] The evaluation is made as follows. 
O: There is no change. 
5 A: A flaw is found partly. 

x : There is a portion where a film is peeled and a substrate is seen. 

EXPERIMENTAL EXAMPLES 5 to 6 

io [0242] Preparation of a coating composition, production of an antireflection film and evaluation of a coating film were 
carried out in the same manner as in Expe* imental Example 4 except that the fluorine-containing polymers of Exper- 
imental Example 2 (Experimental Example 5) and Experimental Example 3 (Experirrrental Example 6) were used in- 
stead of the fluorine-containing polymer having a-fluoroacryloyl group which was obtained in Experimental Example 
i . The results are shown in Table 1 . 

15 

EXPERIMENTAL EX AMPLE 7 

[0243] An antireflection film was produced in the same manner as in Experimental Example 4 except that light irra- 
diation was not conducted in producing the antireflection film, and evaluation of physical properties was made. The 
20 results are shown in Table 1 . 

EXPERIMENTAL EXAMPLE 8 

[0244] A reflectance of one side of a non-coated acryl plate was measured. The results are shown in Table 1 . 

25 
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[0245] EXPERIMENTAL EXAMPLES 9 to 12 
(Determination of curing reactivity by IR analysis) 

(1) Preparation of fluorine-containing resin composition for coating 

[0246] Respective coating compositions were prepared using the curable fluorine-containing polymer obtained in 
Experimental Example 1 by the same procedures as in Experimental Example 4 so that the concentrations of the 
polymer and the amounts of active energy curing initiator became those shown in Table 2. 

(2) Production of film for IR analysis 

[0247] The coating compositions prepared in (1) above were coated on a PET film with an applicator so that a coating 
thickness after drying became about 1 00 urn, followed by drying at 50°C for five minutes. Then the obtained coating 
films were peeled from the PET film to obtain cast films. 

(3) Measurement of curing reactivity by IR analysis 

[0248] According to IR analysis of the cast films, an absorption of a carbon-carbon double bond in the polymer was 
observed at 1 ,661 cm -1 . 

[0249] Attention was directed to this absorption of the carbon-carbon double bond, and a change in an intensity of 
absorption after the light irradiation was measured. A ratio of curing reaction was measured by the following equation. 



Peak height at 1,661 cm" 1 after light irradiation ^ 

1 - ; 

Peak height at 1,661 cm*" 1 before light irradiation 



x 100 % 



[0250] The films were irradiated with ultraviolet light at room temperature in irradiation amounts shown in Table 2 
using a high pressure mercury lamp. The amount of irradiation was changed and the ratio of curing reaction represented 
by the above equation was calculated. The results are shown in Table 2. 
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EXPERIMENTAL EXAMPLE 13 

(Synthesis of curable fluorine-containing polymer having oc-fluoroacryloyl group) 

5 [0251 J A curable fluorine-containing polymer (ether solution) was synthesized in the same manner as in Experimental 
Example 1 except that 2.0 g of cc-fluoroacrylic acid fluoride (CH 2 =CFCOF) and 2.0 g of pyridine were used. 
[0252] According to 19 F-NMR analysis of the ether solution, the polymer was a copolymer comprising a fluorine- 
containing allyl ether having 



15 

group and a fluorine-containing allyl ether having OH group in a ratio of 84:16 % by mole. 

[0253] According to JR analysis, an absorption of a carbon-carbon double bond and an absorption of 0=0 group 
were observed at the same positions, respectively as in Experimental Example 1. 
[0254] EXPERIMENTAL EXAMPLES 14 to 16 

20 

(Determination of curing reactivity by IR analysis) 

(1) Preparation of fluorine-containing resin composition for coating 

25 [0255] Respective coating compositions were prepared using the curable fluorine-containing polymer obtained in 
Experimental Example 13 by the same procedures as in Experimental Example 4 so that the concentrations of the 
polymer and kinds and amounts of active energy curing initiator became those shown in Table 3. 

(2) Production of film for IR analysis 

30 

[0256] The films were produced in the same manner as in Experimental Example 9. 

(3) Measurement of curing reactivity by IR analysis 

35 [0257] A ratio of curing reaction when light irradiation was carried out in a light irradiation amount of 1 ,500 mJ/cm 2 
was calculated in the same manner as in Experimental Example 9. The results are shown in Table 3. 

EXPERIMENTAL EXAMPLE 17 

40 [0258] A fluorine-containing resin composition for coating was prepared by adding, as a curing agent, 



so to the coating composition obtained in Experimental Example 1 4 so that the amount thereof became 20 % by weig ht 
based on the polymer. 

[0259] A film for IR analysis was produced using this resin composition in the same manner as in Experimental 
Example 14, and a curing reactivity was determined. The results are shown in Table 3. 
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CH 2 =CF-C-OCH 2 C 6 F 12 CH 2 0-C-CF=CH 2 
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PREPARATION EXAMPLE 2 

(Synthesis of homopolymer of fluorine-containing allyl ether having OH group) 

[0260] Synthesis of a polymer and refining of the obtained polymer were carried out in the same manner as in Prep- 
aration Example 1 except that 20.0 g of perfluoro-(1 ,1 ,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6-dioxanonenol) and 1 0.0 
g of a perfluorohexane solution of 8.0 % by weight of: 



were used. Thus 18.2 g of a transparent colorless polymer was obtained. 

[0261] According to 19 F-NMR, 1 H-NMR and IR analyses, the obtained polymer was a fluorine-containing polymer 
consisting of the structural unit of the above-mentioned fluorine-containing allyl ether and having hydroxy I at an end 
of its side chain . The number average molecular weight of the polymer was 30,000 according to the G PC analysis 
using tetrahydrofuran (THF) as a solvent and the weight average molecular weight thereof was 59,000. 

PREPARATION EXAMPLE 3 

(Synthesis of copolymer comprising fluorine-containing allyl ether having OH group and vinylidene fluoride) 

[0262] A 300 ml stainless steel autoclave equipped with a valve, pressure gauge and thermometer was charged with 
34.2 g of perfluoro-(1,1 ,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6-dioxanonenol), 200 g of CH 3 CCI 2 F (HCFC-1 41 b) and 
0.16 g of methanol solution of 50 % by weight of dinormalpropyl peroxy carbonate (NPP). While cooling with dry ice/ 
methanol solution, the inside of a system was sufficiently replaced with nitrogen gas. Then 5.8 g of vinylidene fluoride 
(VdF) was introduced through the valve, followed by reaction while shaking at 40°C. With the advance of the reaction, 
12 hours after starting of the reaction , a gauge pressure inside the system lowered from 4.4 MPaG (4.5 kgf/cm 2 G) 
before the reaction to 0.98 MPaG (1.0 kgf/cm 2 G). 

[0263] At that time, un-reacted monomer was released and a precipitated solid was removed and dissolved in ace- 
tone, followed by re-precipitation with a solvent mixture of hexane and toluene (50/50) to separate a copolymer. The 
copolymer was vacuum-dried until a constant weight was reached. Thereby 3 1 .2 g of a copolymer was obtained. 
[0264] The components of the copolymer were VdF and the fluorine-containing allyl ether having OH group in a ratio 
of 38:62 % by mole according to 1 H-NMR and 19 F-NMR analyses. The number average molecular weight of the co- 
polymer was 12,000 according to the GPC analysis using THF as a solvent and the weight average molecular weight 
thereof was 18,000. 

EXPERIMENTAL EXAMPLE 18 

(Synthesis of fluorine-containing active energy curing initiator) 

[0265] A 200 ml fou r-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
charged with 2.0 g of 2-hydroxy-2-methyl propiophenone, 1 .0 g of pyridine and 20 g of a mixture (HCFC-225) of 
CF 3 CF 2 CHCI /CCIF 2 CF 2 CHCIF and was cooled to 5°C or lower with ice. 
[0266] Thereto was added dropwise 2.5 g of: 



over one hour with stirring in nitrogen gas stream. After completion of the addition, the stirring was further continued 
for 4.0 hours. 

[0267] After the reaction, the ether solution was put in the dropping funnel and washed with 2 % hydrochloric acid 
solution and 5 % NaCI solution, followed by separation of an organic layer, drying with anhydrous magnesium sulfate 



[H-f CF 2 CF 2 i3~COOi2 
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and distillation to isolate 2.6 g of a product (yield: 62 %). 

[0268] According to 1 H-NMR, 19 F-NMR and I R analyses, the product was: 




O CH 3 O O CH 3 O 



.EXPERIMENTAL EXAMPLE 19 

15 (Synthesis of curable fluorine-containing polymer having a-fluoroacryloyl group) 

[0269] A 200 ml four-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
charged with 40 ml of methyl ethyl ketone (MEK), 5.0 g of the fluorine-containing ailyl ether homopolymer having 
hydroxyl which was obtained in Preparation Example 2 and 2.0 g of pyridine, and was cooled to 5°C or lower with ice. 
20 [0270] Thereto was added dropwise 1 .2 g of a-fluoroacryiic acid fluoride over about 30 minutes with stirring in nitrogen 
gas stream. After completion of the addition, the flask temperature was raised to room temperature and the stirring 
was further continued for 4,0 hours. 

[0271] After the reaction, the MEK solution was put in the dropping funnel and washed with water, 2% hydrochloric 
acid solution, 5 % NaC1 solution and water, followed by separation of an organic layer and drying with anhydrous 
25 magnesium sulfate. A concentration of the polymer after filtrating was 10.7 % by weight. 

[0272] According to 1 ^F-NMR analysis of the MEK solution, the obtained polymer was a copolymer comprising a 
fluorine-containing allyl ether having 

-OCCF=CH 2 
O 

35 group and a fluorine-containing allyl ether having OH group in a ratio of 89:11 % by mole. 

[0273] According to IR analysis which was carried out in the same manner as in Experimental Example 1 , an ab- 
sorption of a carbon-carbon double bond and an absorption of C=0 group were observed at 1,660 cm' 1 and 1,770 
cm" 1 , respectively. 

40 EXPERIMENTAL EXAMPLE 20 

(Synthesis of curable fluorine-containing polymer having a-fluoroacryloyl group) 

[0274] A curable fluorine-containing polymer (MEK solution) was synthesized in the same manner as in Experimental 
45 Example 19 except that 5.0 g of the copolymer of the fluorine-containing allyl ether having OH group and VdF which 
was obtained in Preparation Example 3, 1 .1 g of pyridine and 1 .0 g of a-fluoroacrylic acid fluoride were used. A con- 
centration of the polymer was 9.9 % by weight. 

[0275] According to 19 F-NMR analysis, the polymer was a copolymer comprising a fluorine-containing allyl ether 
having 

50 




CF=CH 2 



group, a fluorine-containing allyl ether having OH group and VdF in a ratio of 48:14:38 % by mole. 
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EXPERIMENTAL EXAMPLE 21 

(1) Preparation of fluorine-containing resin composition for coating 

[0276] M EK was added to the curable f I 

19 to adjust the concentration of the polymer to 8 % by weight. 

[0277J To the MEK solution of the curable fluorine-containing polymer was added 2-hydroxy-2-methyl propiophenone 
as the active energy curing initiator so that its amount became 2.0 % by weight based on the polymer. However the 
solution became turbid in white and the both could not be compatible with each other. 

[0278] Therefore the fluorine-containing active energy curing initiator obtained in Experimental Example 18 was 
added instead of 2-hydroxy-2-methyl propiophenone so that its amount became 3.6 % by weight based on the polymer. 
As a result, a transparent colorless solution was obtained and the both were compatible with each other. 



(2) Evaluation of coating composition 

[0279] The coating composition containing the fluorine-containing active energy curing initiator was evaluated in the 
same manner as in (2) to (6) of Experimental Example 4 (in (2), irradiation of light was carried out at 1 ,500 mJ/cm 2 ), 
and a ratio of curing reaction when irradiated with light of 1,500 mJ/cm 2 was measured in the same manner as in 
Experimental Example 10. The results are shown in Table 4. 



EXPERIMENTAL EXAMPLE 22 



(1) Preparation of fluorine-containing resin composition for coating 

[0280] MEK was added to the curable fluorine-containing polymer (MEK solution) obtained in Experimental Example 
20 to adjust the concentration of the polymer to 8 % by weight. 

[0281] To the MEK solution of the curable fluorine-containing polymer was added 2-hydroxy-2-rnethyl propiophenone 
as the active energy curing initiator so that its amount became 6.7 % by weight based on the polymer. As a result, a 
transparent colorless solution was obtained and the both were compatible with each other. 

(2) Evaluation of coating composition 

[0282] The obtained coating composition was evaluated in the same manner as in Experimental Example 21 . The 
results are shown in Table 4. 
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PREPARATION EXAMPLE 4 

(Synthesis of homopolymer of fluorine-containing allyl ether having OH group) 



35 [0283] A 100 ml four-necked glass flask equipped with a stirrer and thermometer was charged with 20.8 g of per- 
fluoro-(1 ,1 ^^-tetrahydro-a.S-bistrifluoromethyl-S^-dioxanonenol) and 2.2 g of a perfluorohexane solution of 8.0% by 
weight of: 



[Hi-CF 2 CF 2 -fe-COOi2 

and after the inside of the flask was sufficiently replaced with nitrogen gas, stirring was carried out at 20°C for 24 hours 
in nitrogen gas stream and a solid having a high viscosity was produced. 
45 [0284] The obtained solid was dissolved in diethyl ether and poured into perfluorohexane, followed by separating 
and vacuum drying to obtain 19.2 g of a transparent colorless polymer. 

[0285] According to 19 F-NMR, 1 H-NMR and IR analyses, the polymer was a fluorine-containing polymer consisting 
of the structural unit of the above-mentioned fluorine-containing allyl ether and having hydroxy! at an end of its side 
chain. The number average molecular weight of the polymer was 72,000 according to the GPC analysis using tetrahy- 
so drofuran (THF) as a solvent and the weight average molecular weight thereof was 118,000. 

EXPERIM ENTAL EXAMPLE 23 

(Synthesis of curable fluorine-containing polymer having ct-fluoroacryloyl group) 

55 

[0286] A 200 ml four-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
charged with 50 ml of methyl ethyl ketone (MEK), 5.0 g of the fluorine-containing allyl ether homopolymer having 
hydroxyl which was obtained in Preparation Example 4 and 2.5 g of pyridrne, and was cooled to 5°C or lower with ice. 
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[0287] Then a solution obtained by dissolving 2.5 g of a-fluoroacrylic acid fluoride CH 2 =CFCOF in 10 ml of MEK was 
added thereto dropwise over about ten minutes with stirring in nitrogen gas stream. 

[0288] After completion of the addition, the flask temperature was raised to room temperature and the stirring was 
further continued for 2.0 hours. 

5 [0289] After the reaction, the M EK solution was put in the dropping funnel and washed with water, 2 % hydrochloric 
acid solution, 5 % Nad solution and water, followed by drying with anhydrous magnesium sulfate and separating the 
solution by filtrating to obtain the M EK solution. A concentration of the polymer was 13 % by weight. 
[0290] According to 19 F-NMR analysis of the MEK solution, the polymer was a copolymer comprising a fluorine- 
containing ally I ether having -OCOCF=CH 2 group and a fluorine-containing aliyi ether having OH group in a ratio of 

10 70:30 % by mole. 

[0291] "The solution was coated on a NaCI plate and formed into a cast film at room temperature. According to IR 
analysis of the cast film, an absorption of a carbon-carbon double bond and an absorption of C-O group were observed 
at 1 ,661 cm -1 and 1 ,770 cm" 1 , respectively. 

15 EXPERIMENTAL EXAMPLE 24 

(1 ) Preparation of fluorine-containing resin composition for coating 

[0292] MEK was added to the solution of fluorine-containing polymer having oc-fluoroacryloyl group which was ob- 
20 tained in Experimental Example 23 to dilute the solution and adjust a concentration of the polymer to 5.0 % by weight. 
[0293] To 1 0 g of the obtained polymer solution was added, as an active energy curing initiator, 1.2 g of a solution 
obtained by dissolving 2-hydroxy-2-methyl propiophenone in MEK in a concentration of 1 % by weight. Thus a uniform 
solution was obtained. 

25 (2) Production of anti reflection film 

[0294] The above-mentioned coating composition was coated on a no n -treated aery I plate at room temperature at 
1 ,000 to 2,000 rpm with a spin coater, followed by drying at 50°C for five minutes. The number of revolutions of the 
spin coater was adjusted so that a coating thickness after the drying became from 90 to 110 nm. 

30 

(Light irradiation) 

[0295] The coating film after the drying was irradiated with ultraviolet light at room temperature at an intensity of 
1,500 mJ/cm 2 U using a high pressure mercury lamp. 

35 

(3) Measurement of refractive index of curable fluorine-containing polymer 

[0296] The solution of fluorine-containing polymer having a-fluoroacryloyl group which was obtained in Experimental 
Example 23 was concentrated to 50 % and coated on a PET film with an applicator so that a coating thickness after 
40 the drying became about 1 00 urn. After drying at 50°C for ten minutes, the obtained cast film was peeled from the PET 
film and a refractive index thereof was measured using an Abbe's refractometer at 25°C with light having a wavelength 
of 550 nm. The results are shown in Table 5. 

(4) Measurement of refractive index of cured film 

45 

[0297] The solution of fluorine-containing polymer having a-fluoroacryloyl group which was obtained in Experimental 
Example 23 was concentrated to 50 %, and to 2 g of the solution was added 0.01 g of 2-hydroxy-2-methyl propiophenone 
as the active energy curing initiator. The obtained solution was coated on an aluminum foil with an applicator so that 
a coating thickness after drying became about 1 00 u.m, followed by drying at 50°C for ten minutes. After carrying out 
so the light irradiation in the same manner as in (2) above, the aluminum foil was melted with diluted hydrochloric acid to 
obtain a sample film. A refractive index of the obtained cured film was measured in the same manner as in (3) above. 
The results are shown in Table 5. 

(5) Measurement of reflectance of one side of film 

55 

[0298] The acryl plate having the anti reflection film which was obtained in (2) above was set on a visible ultraviolet 
spectroscope equipped with a 5° regular reflection unit, and a reflectance was measured with light having a wavelength 
of 550 nm. The results are shown in Table 5. 



56 



EP1 347 001 A1 



to 



15 



20 



25 



30 



35 



40 



45 



50 



(6) Evaluation of physical properties of antireflection film 



[0299] "The following physical properties of the surface of the antireflection film obtained in (2) above w 
The results are shown in Table 5. 

© Pencil hardness 

[0300] Measured according to J IS K5400. 
(D Solvent resistance 

[0301 ] After the surface of the coating film is rubbed with a cotton cloth impregnated with ethyl acetate, condition 
(dissolved or peeled) of the film surface is evaluated. 

[0302] When there is no change, it is evaluated as O, and when there is dissolution or peeling, it is evaluated as x. 
[0303] The evaluation is also carried out in the same manner as above with respect to the case using acetone as a 
solvent. 

(§) Abrasion resistance 

[0304] A cotton cloth (BEMCOT (Registered trademark) M-3 available from Asahi Chemical Co., Ltd.) is fitted to a 
rubbing tester, and the antireflection film is rubbed by 100 rubbing cycles at a load of 100 gf/em 2 to observe conditions 
of the film. 

[0305] The evaluation is made as follows. 
O: There is no change. 
A: A flaw is found partly. 

x : There is a portion where a film is peeled and a substrate is seen. 
@ Scratch resistance 



[0306] After the surface of the coating film is rubbed with steel wool #0000, condition of the surface is evaluated. 

[0307] The evaluation is made as follows. 

O: There is no change. 

A: A flaw is found at several parts. 

x : There are many large flaws or the film is peeled and a substrate is seen. 
EXPERIMENTAL EXAMPLES 25 to 27 

[0308] To the coating composition obtained in (1) of Experimental Example 24 was added, as a curing agent, 



so that its amount became 10 % by weight (Experimental Example 25), 30 % by weight (Experimental Example 26) 
and 50 % by weight (Experimental Example 27) based on the polymer. Antireflection films were produced in the same 
manner as in (2) of Experimental Example 24 using the respective coating compositions, and physical properties of 
the antireflection films were evaluated in the same manner as in (4) Measurement of refractive index of cured film, (5) 
Measurement of reflectance of one side of film and (6) Evaluation of physical properties of antireflection film. The 
results are shown in Table 5. 
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EXPERIMENTAL EXAMPLE 28 



(1 ) Preparation of fluorine-containing resin composition for coating 



5 



[0309] To 0.5 g of the curing agent: 



10 




O 

cx 





p6 F 12, 



O 



used in Experimental Example 25 was added 10 g of MEK to dissolve the curing agent, and thereto was added 1 .2 g 
of a solution obtained by dissolving 2-hydroxy-2-methyl propiophenone as the active energy curing initiator in a con- 
2° centration of 1 % by weight in MEK to obtain a uniform solution. An a nti reflection film was produced in the same manner 
as in (2) of Experimental Example 24 using the obtained coating composition, and physical properties of the antire- 
f lection film were evaluated in the same manner as in (4) Measurement of refractive index of cured film, (5) Measurement 
of reflectance of one side of film and (6) Evaluation of physical properties of anti reflection film. The results are shown 
in Table 5. 



EXPERIMENTAL EXAMPLE 29 



[0310] A fluorine-containing resin composition for coating was prepared in the same manner as in Experimental 
Example 1 7 except that . 



was added as a curing agent in an amount of 30 % by weight based on the polymer. Thereto was added MEK to obtain 
5 % by weight solution in MEK. An anti reflection film was produced in the same manner as in (2) of Experimental 
40 Example 24 using the obtained coating composition, and physical properties of the antireflection film were evaluated 
in the same manner as in (4) Measurement of refractive index of cured film, (5) Measurement of reflectance of one 
side of film and (6) Evaluation of physical properties of antireflection film. The results are shown in Table 5. 

EXPERIMENTAL EXAMPLE 30 



(Synthesis of curable fluorine-containing polymer having a-fluoroacryloyl group) 

[0311] A 200 ml four-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
charged with 50 ml of MEK, 5.0 g of the copolymer comprising a fluorine-containing ally I ether having OH group and 
so VdF and obtained in Preparation Example 3 and 2.2 g of pyridine, and was cooled to 5°C or lower with ice. 

[031 2] Then a solution obtained by dissolving 2.0 g of a-fluoroacrylic acid fluoride CH 2 =CFCOF in 10 ml of MEK was 
added thereto dropwise over about ten minutes with stirring in nitrogen gas stream. 

[0313] After completion of the addition, the flask temperature was raised to room temperature and the stirring was 
further continued for 3.0 hours. 
55 [0314] After the reaction, the MEK solution was put in the dropping funnel and washed with water, 2 % hydrochloric 
acid solution, 5 % NaCI solution and water, followed by drying with anhydrous magnesium sulfate and separating the 
MEK solution by filtrating. A concentration of the polymer was 13.0 % by weight. 

[0315] According to 19 F-NMR analysis of the MEK solution, the polymer was a copolymer comprising a fluorine- 
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containing allyl ether having -OCOCF=CH 2 group and VdF in a ratio of 62:38 % by mole. 

[0316] The solution was coated on a NaC1 plate and formed into a cast film at room temperature. According to IR 
analysis of the cast film, an absorption of a carbon-carbon double bond and an absorption of C=0 group were observed 
at 1,661 cm" 1 and 1 ,770 cnr 1 , respectively. 

EXPERIMENTAL EXAMPLE 31 

[0317] (1) Preparation of coating composition, (2) Production of anti reflection film and evaluation of coating film were 
carried out in the same manner as in Experimental Example 24 except that the fluorine-containing polymer obtained 
in Experimental Example 30 was used instead of the fluorine-containing polymer having oc-fluoroacryloyi group and 
obtained in Experimental Example 23 and the fluorine-containing energy curing initiator obtained in Experimental Ex- 
ample 18 was used as the active energy curing initiator instead of 2-hydroxy-2-methyl propiophenone. The results are 
shown in Table 5. 

EXPERIM ENTAL EXAMPLE 32 

[031 8] To the coating composition obtained in (1) of Experimental Example 31 was added, as a curing agent, 



so that its amount became 1 0 % by weight based on the polymer to obtain a composition for coating. An anti reflection 
film was produced in the same manner as in (2) of Experimental Example 24 using the obtained coating composition, 
and (4) Measurement of refractive index of cured film, (5) Measurement of reflectance of one side of film and (6) 
Evaluation of physical properties of antireflection film were carried out in the same manner. The results are shown in 
Tables. 
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1) Crosslinking agent (tetrafu notional) 
[0319] 




2) Fluorine-containing energy curing initiator 
[0320] 



II I II / a II I II / \ 
CH 3 '° CH 3 



3) Crosslinking agent (bifunctional) 
[0321] 



CH 2 «CF-C-OCH 2 C 6 F 12 CH 2 0-^-CF«CH 2 
O O 



EXPERIMENTAL EXAMPLE 33 

40 (Synthesis of perfluoropolyethera-fluoroacrylate) 

[0322] A 500 ml four-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
charged with 1 8 g of a p erf luoropoly ether alcohol: 



CF 3 CF 2 CF 2 0(CF 2 CF 2 CF 2 0) n CF 2 CF 2 CH 2 OH (n%20) 



having a linear chain and an average molecular weight of 3,800, 1 .0 g of pyridine and 125 g of 1,1,1,3,3,3-hexafluor- 
omethaxylene, and was cooled to 5°G or lower with ice. 
so [0323] Thereto was added dropwise a solution obtained by dissolving 0.84 g of a-fluoroacrylic acid fluoride CH 2 =CF- 
COF in 5 ml of 1 ,1,1 ,3,3,3-hexafluoromethaxylene over about ten minutes with stirring in nitrogen gas stream. 
[0324] After completion of the addition, the flask temperature was raised to room temperature and the stirring was 
further continued for four hours. 

[0325] After the reaction , the ether solution was put in the dropping funnel and washed with water, 2% hydrochloric 
55 acid solution, 5 % NaCI solution and water, followed by drying with anhydrous magnesium sulfate and separating the 
solution by filtrating. After distilling off the solvent from the filtrate with an evaporator, the solution was dried for six 
hours in an evacuated state while heating to 70°C and thus a transparent colorless liquid having a high viscosity was 
obtained. 
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According to 1 H-NMR, 19 F-NMR and IR analyses, the obtained product was 



5 




COOCH 2 CF 2 CF 2 -f OCF 2 CF 2 CF 2 i^ OCF 2 CF 2 CF 3 (n%20). 



W EXPERI M ENTM. EXAMPLES 34 and 35 

(Improvement of surface physical properties with compound having perfluoropolyether group (PFPE)) 



(1 ) Preparation of fluorine-containing resin composition for coating 

15 

[0327] The MEK solutions of fluorine-containing polymer having cc-fluoroacryloyl group which were obtained in Ex- 
perimental Example 23 (Experimental Example 34) and Experimental Example 30 (Experimental Example 35) were 
concentrated to adjust a concentration thereof to 50 % by weight, : ^p'^ISj^^: :: Th'eii' to 2§ of the concentrated MEK 
solution were added 3 g of a CF 3 CF 2 CHCi/CCIF 2 CF 2 CHCIF mixture (HCFC-225), 4 g of MIBK and 6 g of 
20 CICF 2 CCIFCF 2 CCI 2 F (CFC-316). Further thereto was added 1 .0 g of a solution obtained by dissolving the perfluor- 
opolyether a-fluoroacrylate obtained in Experimental Example 33 in HCFC-225 in a concentration of 1 .0 % by weight. 
[0328] To the obtained polymer solution was added, as an active energy curing initiator, 1 g of a solution obtained 
by dissolving a fluorine-containing energy curing initiator in HCFC-225 in a concentration of 1 0 % by weight, and thus 
uniform solutions were obtained. 

25 

(2) Production of anti reflection film 

[0329] Tne coatihj Gomposttioh o^aihea' atro^ noft4reated ac^ at room temperature at 

2,000 to 5,000 rpm with a spin coater, followed by drying at50°Cforfive minutes. In that case, the number of revolutions 
30 of the spin coater was adjusted so that a coating thickness after the drying became from 90 to 11 0 nm. 



(Light irradiation) 

[0330] The coating film atter the drying w light at room ^ temperature at an intensity of 

35 irradiation of 1 ,500 mMcri&J using a ht^h p*e 



(3) Measurement of reflectance of one side of 

[0331] The acryl plate having the antiref lection film which was obtained in (2) above was set on a visible ultraviolet 
40 spectroscope equipped with a 5° regular r^ 
of 650 nm. The results are shown in Table6. 

(4) Evaluation of physical properties of antirefiection film 

45 [0332] The following physical properties of the surface of the antirefiection film obtained in (2) above were evaluated. 
The results are shown in Table 6. 

(J) Pencil hardness 

so [0333] Measured accordingto JIS K5400. 

(D Contact angle 

[0334] Contact angles of pure water and n-hexadecane are measured with a contact angle meter. 

55 

EXPERIMENTAL EXAMPLES 36 and 37 

[0335] With respect to the antirefiection films after the light irradiation which were obtained in (2) of Experimental 
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Example 24 (Experimental Example 36) and (2) of Experimental Example 31 (Experimental Example 37), a contact 
angle was measured in the same manner as in (4) of Experimental Example 34. The results are shown in Table 6. 
PREPARATION EXAMPLE 5 

5 (Synthesis of fluorine-containing allyl ether homopolymer having OH group (and having long side chain)) 

[0336] A 100 ml four-necked glass flask equipped with a stirrer and thermometer was charged with 10.0 g of 
CH2=OFCF 2 (OCF(CF3)CF 2 ) 3 OCF(CF3)CH 2 OH and 6.2 g of a perfluorohexane solution of 8.0 % by weight of: 



pa-fCPaCFaigrCOOi" 



15 

and after the inside of the flask was sufficiently replaced with nitrogen gas, stirring was carried out at 20°C for 15 hours 
in nitrogen gas steam and a solid having a high viscosity was produced. 

[0337] The obtained solid was dissolved in diethyl ether and poured into perfluorohexane, followed by separating 
and vacuum drying to obtain 7.3 g of a transparent colorless polymer. 
20 [0338] According to 19 F-NMR, 1 H-NMR and IR analyses, the polymer was a fluorine-containing polymer consisting 
of the structural unit of the above-mentioned fluorine-containing allyl ether and haying hydrpxyl at an end of its side 
chain . The number average molecular weight of the polymer was 24,000 according to the GPC analysis using tetrahy- 
drofuran (THF) as a solvent and the weight average molecular weight thereof was 79,000. 

25 EXPERIMENTAL EXAMPLE 38 

(Synthesis of curable fluorine-containing polymer having a-fluoroacryloyl group (and having long side chain)) 



[0339] A 200 ml four-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
30 charged with 50 ml of methyl ethyl ketone, 3.0 g of the fluorine-containing allyl ether homopolymer having hydroxyl 

which was obtained in Preparation Example 5 and 0.4 g of pyridine, followed by cooling to 5°C or lower with ice. 

[0340] Then a solution obtained by dissolving 0.55 g of a-fluoroacrylic acid fluoride CH^CFCOF in 10 ml of methyl 

ethyl ketone was added thereto dropwise over about 10 minutes while stirring in nitrogen gas stream. 

[0341] After completion of the addition, the flask temperature was raised to room temperature and the stirring was 
35 further continued for 2.0 hours. 

[0342] The ether solution after the reaction was put in the dropping funnel, followed by washing with water, 2 % 

hydrochloric acid solution, 5 % NaCI solution and water and then drying with anhydrous magnesium sulfate. Then the 

methyl ethyl Ifc^neisolutton^was separated by 

[0343] According to 1 ?F^M MR analysis of the methyl ethyl ketone solutiori, the 
40 a fluorine-containing allyl ether having -OCOCF=CH 2 group and a fluorine-containing allyl ether having OH group in 
a ratio of 54:46 % by mole. 

[0344] According to I R analysis, an absorption of a carbon-carbon double bond and an absorption of G-O group 
were observed at the same positions, respectively as in Experimental Example 23. 

45 EXPERIMENTAL EXAMPLE 39 

[0345] An antireflectlon f ilm was produced in the same manner as in (1) and (2) of Experimental Example 24 exempt 
that the fluorine-containing polymer of Experimental Example 38 was used instead of the fluorine-containing polymer 
having oc-fluoroacryloyl group and obtained in Experimental Example 23. Physical properties Of the ar^ireflection film 
so were evaluated in the same manner as in (3) and (4) of Experimental Example 34. The results are shown in Table 6. 

PREPARATION EXAMPLE 6 

(Synthesis of copolymer comprising fluorine-containing ally! ether having OH group and fluorine-containing allyl ether 
55 having methyl ester structure at an end thereof) 

[0346] A 100 ml four-necked glass flask equipped with a stirrer and thermometer was charged with 9.6 g of per- 
fluoro-(1 ,1 ,9,9-tetrahydro-2,5-bistrifluoromethy!-3,6-dioxanonenol) and 9.6 g of CH 2 =CFCF 2 OCF(CF 3 ) CF 2 OCF(CF 3 ) 
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COOCH3, followed by stirring sufficiently. Then thereto was added 2.0 g of a perfluorohexane solution of 8.0 % by 
weight of: 



5 

[H-fCF 2 CF 2 i3-COOi2 

and after the inside of the flask was sufficiently replaced with nitrogen gas, stirring was carried out at 20°C for 20 hours 
10 in nitrogen gas stream and a solid haying a high viscosity was produced. 

[0347] The obtained solid was dissolved in acetone and poured into a HCFC~225/n-hexane-1/ 1 solution, followed 
by separating and vacuum drying to obtain 15.5 g of a transparent colorless polymer 

[0348] According to 19 F-NMB, 1 FI-NM R and IR analyses, the product was a copolymer comprising the above-men- 
tioned fluorine-containing allyl ether having hydroxy I and fluorine-containing allyl ether having a methyl ester structure 
ts at an- end thereof in a ratio of 42:58 % by mole. The number average molecular weight of the polymer was 72,000 
according to the GPC analysis using tetrahydrofuran (THF) as a solvent and the weight average molecular weight 
thereof was 117,000. 

EXPERIMENTAL EXAMPLE 40 

20 : ., 

(Synthesis of curable 

[0349] A 200 ml four-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
charged with 50 ml of methyl ethyl ketone, 3.0 g of the fluorine-containing allyl ether copolymer having hydroxyl which 
25 was obtained in Preparation Example 6 and 0.6 g of pyridine. Thereto was added dropwise a solution obtained by 
dissolving 1.0 g of a-fluoroacrylic acid fluoride CH 2 =CFCOF in 10 ml of MEK in the same manner as in Experimental 
Example 23. Thus a curable fluorine-containing polymer (MEK solution) was synthesized. 

[0350] According to 19 F-NMR analysis, the polymer was a copolymer comprising a fluorine-containing allyl ether 
having ~OCOCF=CH 2 group, a fluorine-containing allyl ether having OH group and a fluorine-containing allyl ether 
30 having a methyl ester structure at an end thereof in a ratio of 38:4:58 % by mole. 

[0351] According to IR analysis, an absorption of a carbon-carbon double bond and an absorption of C=Q group 
were observed at the same positions, respectively as in Experimental Example 23. 

EXPERIMENTAL EXAMPLE 41 

35 

[0352] An antiref lection film was produced in the same manner as in (1) and (2) of Experimental Example 31 except 
that the fluorine-containing polymer of Experimental Example 40 was used instead of the fluorine-containing polymer 
having a-fiuoroacryloyl group and obtained in Experimental Example 30. Then physical properties of the antireflection 
film were evaluated in the same manner as in (3) and (4) of Experimental Example 34. The results areshown in Table 6. 
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1) PFPE compound 
[0353] 



to 



15 



20 



25 



CH 2 «CF 

COOCH 2 CF 2 CF 2 -f OCF 2 GF 2 CF 2 ij7 OCF 2 CF 2 CF 3 



2) Fluorine-containing energy curing initiator 
[0354] 



\ C— C— C^CI^-^ 

CH3 



0 ft _/=\ 



CH 3 



EXPERIMENTAL EXAMPLES 42 and 43 



(Preparation of fluorine-containing resin composition possessing improved coatability to PET film) 

[0355] The MEK solutions of fluorine-containing polymer having a-fluproacryloyl group which were obtained in Ex- 
perimental Example 23 (Experimental Example 42) and Experimental Example 30 (Experimental Example 43) were 
30 concentrated to adjust a concentration thereof to 50 % by weight, respectively. Then to 2 g of the concentrated MEK 
solution were added 14 g of MIBK and 4 g of 2,2,3,3-tetrafluoropropanol (HCF 2 CF 2 CH 2 OH). Further thereto was added, 
as an active energy curing initiator, 1 .0 g of a solution obtained by dissolving a fluorine-containing energy curing initiator 
in HCFC-225 in a concentration of 10 % by weight, and thus uniform solutions were obtained. 

35 EXPERIM ENTAL EXAMPLES 44 and 45 

(Evaluation of coatability to PET film) 

[0356] The coating compositions obtained in Experimental Example 42 (Experimental Example 44) and Experimental 
40 Example 43 (Experimental Example 45) were coated on non-treated PET films, respectively with a doctor blade so 
that a coating thickness became 2 um The coating films were observed while air-drying at room temperature. The 
evaluation was carried out under the following criteria: 

O: Coating film is dried in a state of uniform coating thickness and there is no Interference pattern after the drying. 
A: Coating film is dried in a state of uniform coating thickness but there is a small interference pattern after the drying. 
45 x: After the coating, repelling of the solution occurs on the PET film and there are many interference patterns in a 
concentric form after the drying. The results are shown in Table 7. 

EXPERIMENTAL EXAM PLES 46 and 47 

so [0357] MEK was added to the solutions of fluorine-containing polymer having a-fluoroacryloyl group which were 
obtained in Experimental Example 23 (Experimental Example 46) and Experimental Example 30 (Experimental Ex- 
ample 47) to dilute the solutions and adjust the polymer concentration to 5.0 % by weight. 

[0358] To 20 g of the obtained polymer solution was added, as an active energy curing initiator, 1 .0 g of a solution 
obtained by dissolving the fluorine-containing energy curing initiator obtained in Experimental Example 1 8 in MEK in 
55 a concentration of 10 % by weight to obtain uniform solutions. The same evaluation as in Experimental Example 44 
was carried out using the obtained solutions. The results are shown in Table 7. 
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1) Fluorine-containing energy curing initiator 
[0359] 

5 



10 




PREPARATION EXAMPLE 7 

15 

(Synthesis of copolymer comprising fluorine-containing allyl ether having OH group and tetrafluoroethylene) 

[0360] A 1 00 ml stainless steel autoclave equipped with a valve, pressure gauge and thermometer was charged with 
10.0 g of perfiuoro(1 ,1 ^^-tetrahydro-S.S-bistrifluoromethyl-S^-dioxanonenol), 50 g of CH 3 CCI 2 F (HCFC-141b) and 
20 0.1 g of a methanol solution of 50 % by weight of dinormalpropyl peroxy carbonate (NPP), and the inside of a system 
was sufficiently replaced with nitrogen gas while cooling with a dry ice/methanol solution. Then 8.0 g of tetrafluoroeth- 
ylene (TFE) was introduced through the valve. After completion of the reaction carried out for 14 hours while shaking 
at 40°C, un-reacted monomer was released to terminate the reaction. 

[0361] A precipitated solid was removed and dissolved in acetone, followed by re-precipitation with a solvent mixture 
25 of hexane and HCFC-225 (20/80) to separate a copolymer. The copolymer was vacuum-dried until a constant weight 
was reached. Thus 9.3 g of the copolymer was obtained. 

[0362] According to 19 F-NMR and 1 H-NMR analyses, components of the copolymer were TFE and the fluorine-con- 
taining allyl ether having OH group in a ratio of 48:52 % by mole. The number average molecular weight of the polymer 
was 24,000 according to the GPC analysis using THF as a solvent and the weight average molecular weight thereof 
30 was 36,100. 

PREPARATION EXAMPLE S 

(Synthesis of copolymer comprising fluorine-containing allyl ether having OH group and chlorotrifluoroethylene) 

35 

[0363] A 1 00 ml stainless steel autoclave equipped with a valve, pressure gauge and thermometer was charged with 
10.0 g of perf luoro( 1 ,1 } 9,9-tetrahydro-2,5-bistrifluoromethyl-3,6-dioxanonenol), 50 g of CH 3 CCI 2 F (HCFC-1 41b) and 
0.1 g of a methanol solution of 50 % by weight of dinormalpropyl peroxy carbonate (NPP), and the inside of a system 
was sufficiently replaced with nitrogen gas while cooling with a dry ice/methanol solution. Then 5.8 g of chlorotrifluor- 
40 oethylene (CTFE) was introduced through the valve. After completion of the reaction carried out for 20 hours while 
shaking at 40°C, un-reacted monomer was released to terminate the reaction. 

[0364] A precipitated solid was removed and dissolved in acetone, followed by re-precipitation with a solvent mixture 
of hexane and HCFC-1 41 b (50/50) to separate a copolymer. The copolymer was Vacuum-^ 
was reached. Thus 5.7 g of the copolymer was obtained. 
45 [0365] According to 19 F-NMR and 1 H^N MR analyses, components of the copolymer were CTFE and the fluorine- 
containing allyl ether having OH group in a ratio of 35:65 % by mole. The number average molecular weight of the 
polymer was 1 0,500 according to the G PC analysis using TH F as a solvent and the weight average molecular weight 
thereof was 7,200. 

50 EXPERIMENTAL EXAMPLE 48 

(Synthesis of curable fluorine-containing polymer having a-fluoroacryloyl group) 

[0366] A 200 ml four-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
55 charged with 50 ml of diethyl ether, 2.0 g of the fluorine-containing allyl ether copolymer having hydroxy! which was 
obtained in Preparation Example 7 and 0.9 g of pyridine. Thereto was added dropwise a solution obtained by dissolving 
0.9 g of a-fluoroacrylic acid fluoride CH^CFCOF in 10 ml of diethyl ether in the same manner as in Experimental 
Example 23. Thus a curable fluorine-containing polymer (diethyl ether solution) was synthesized. 
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[0367] According to 19 F-NMR analysis, the polymer was a copolymer comprising a fluorine-containing ally I ether 
having -OCOCF=CH 2 group andTFE in a ratio of 52:48 % by mole. 

[0368] According to I R analysis, ah absorption of a carbon-carbon double bond and an absorption of C=0 group 
were observed at the same positions, respectively as in Experimental Example 23. 

EXPERIMENTAL EXAMPLE 49 

(Synthesis of curable fluorine-containing polymer having a-fluoroacryloyl group) 

[0369] A 200 ml four-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
charged with 30 ml of methyl isobutyl ketone, 3.0 g of the fluorine-containing aiiyl ether copolymer having hydroxy I 
which was obtained in Preparation Example 8 and 0.7 g of pyridine. Thereto was added dropwise a solution obtained 
by dissolving 0.8 g of a-fluoroacrylic acid fluoride CH 2 -CFCOF in 1 0 ml of methyl isobutyl ketone in the same manner 
as in Experimental Example 23. Thus a curable fluorine-containing polymer (methyl isobutyl ketone solution) was 
synthesized. 

[0370] According to 19 F-NMR analysis, the polymer was a copolymer comprising a fluorine-containing allyl ether 
having -OCOCF=CH 2 group, a fluorine-containing allyl ether having OH group and CTFE in a ratio of 50:15:35 % by 
mole. 

[0371] According to I R analysis, an absorption of a carbon-carbon double bond and an absorption of C=0 group 
were observed at the same positions, respectively as in Experimental Example 23. 

EXPERIMENT 

[0372] Refractive indices of curable fluorine-containing polymers before and after curing were measured in the same 
manner as in (3) and (4) of Experimental Example 24 except that the fluorine-containing polymers having a-fluoroacry- 
loyl group which were obtained in Experimental Example 48 (Experimental Example 50) and Experimental Example 
49 (Experimental Example 51) were used instead of the curable fluorine-containing polymer obtained in Experimental 
Example 23. The results are shown in Table 8. 



TABLE 8 



Experimental Example 


50 


51 


Curable fluorine-containing polymer containing polymer 
Content of -0(CO)GF=CH 2 group 


Exp. Ex. 48 
52 


Exp. Ex. 49 

50 : 


Refractive index 
Before curing 
After curing 


1 .363 
1.374 


1.368 
1.380 



EXPERIMENTAL EXAMPLE 52 

(Synthesis of novel fluorine-containing unsaturated compound) 

[0373] A 200 ml four-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
charged with 20.4 g of perfluoro( 1,1 y 9,3-tetra^ydro-2^ 

CH 2 -CFCF20CFCF 2 OCFCH 2 OH , 
CF 3 CF 3 

80 ml of diethyl ether and 4.3 g of pyridine, and was cooled to 5°C or lower with ice. 

[0374] Then a solution obtained by dissolving 5.1 g of a-fluoroacrylic acid fluoride CH^CFCOF in 20 ml of diethyl 
ether was added thereto dropwise over about 30 minutes with stirring in nitrogen gas stream. 
[0375] After completion of the addition, the flask temperature was raised to room temperature and the stirring was 
further continued for 4.0 hours. 
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[0376J After the reaction, the ether solution was poured in an excessive amount of water and an organic substance 
was extracted with ether, followed by washing of the ether layer with water, 2 % hydrochloric acid solution, 5 % NaCl 
solution and then water, drying the ether layer with anhydrous magnesium sulfate and distilling off the ether to obtain 
23 g of an organic substance. 

[0377] According to 1 H-NMR, 19 F-NMR and GC-Mass analyses, the obtained product was recognized to be a novel 
fluorine-containing unsaturated compound represented by: 



According to IR analysis, two absorptions of carbon-carbon double bond were observed at 1 ,661 cnr 1 and 1 ,695 cm" 1 
and an absorption of C=0 group was observed at 1 ,770 cm -1 . 

PREPARATION EXAMPLE 9 

[0378] A 300 ml four-necked flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel was 
charged with 46.4 g of 2,3,3,5,6, 6,8-pentafluoro-4,7,1 0-trioxa-5,8-bistrifluoromethyl-1 2,1 3-epoxytrideca-1 -ene: 



20g of acetic acid and 1 .0 g of triethylamine, followed by heating at 95° to 105°C for four hours with stirring. 
[0379] After cooling to room temperature, a solution obtained by mixing 1 0.0 g of 85 % potassium hydroxide and 80 
ml of methanol was added dropwise over about 30 minutes at room tempera%ir^tt funnel. After 

completion of the addition, stirring was carried out at room temperature for five hours. 

[0380] After completion of the reaction, 44 ml of 17 % hydrochloric acid solution was added and the mixture was 
poured in a large amount of water. Thereafter sodium bicarbonate was added until the aqueous layer became neutral. 
[0381] After neutralizing, washing with 

with anhydrous magnesium sulfate, the ether was distilled off to obtain 29 g of an organic substance. 

[0382] According to 1 H-NMR, 19 F-NMR, IR and Mass analyses, the obtained product was a fluorine-containing allyl 

ether compound having two hydroxy I groups and represented by the formula: 



EXPERIMENTAL EXAMPLE 53 

(Synthesis of novel fluorine-containing unsaturated compound) 

[0383] Reaction and isolation were carried out in the same manner as in Experimental Example 52 except that 24.1 
g of the fluorine-containing allyl ether compound having two hydroxyl groups which was obtained in Preparation Ex- 
ample 9 and represented by: 



CH 2 =CFCF 2 OCPCF 2 OCCF=CH 2 
CF 3 O 
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eB 2 ~CFCF 2 0e^ 

CF 3 CF 3 OH 



was used instead of perf lu oro(1 , 1 ,9,9-tetrahydro-2 ,5-bistrif !uoromethyl-3;6~didxanonenol and 8,3 g of pyridine and 1 0.2 
g of a-fluoroacrylic acid fluoride CH 2 =CFCOF were used. Thus 19.0 g of an organic substance was obtained. 
[0384] According to 1 H-NM R, 19 F-NMRand GC-Mass analyses, the obtained product was a novel fluorine-containing 
unsaturated compound represented by the formula: 



O 
II 

OCCF=CH 2 
CH 2 «CFCF 2 OCFCF 2 OCFCH 2 OCH 2 CHCH 2 

CF 3 CF 3 OCCF=CH 2 

II 

o 



According to IR analysis, two absorptions of carbon-carbon double bond were observed at 1 ,661 cm* 1 and 1 ,695 cm -1 
and an absorption of C=0 group was observed at 1 ,770 crrr 4 . 

PREPARATION EXAMPLE 10 

(Synthesis of fluorine-containing ally! ether homopolymer having hydroxyl) 



[0385] Polymerization and refining of a polymer were carried out in the same manner as in Preparation Example 1 
except that 24.1 g of the fluorine-containing allyl ether compound having two hydroxyl groups which was obtained in 
Preparation Example 9 and represented by: 



CH^CFCFaOeFC^^ 

CF 3 CF 3 OH 

was used instead of perfluoro(1 ,1 ^^-tetrahydro^.S-bistrifluoromethyl-S^-dioxanonenol. Thus 1 3.5 g of a transparent 
colorless polymer was obtained. 

[0386] According to 1 H-NMR, 19 F-NMR and IR analyses, the obtained polymer was a fluorine-containing polymer 
consisting of the structural unit of the above-mentioned fluorine-containing allyl ether and having two OH groups at 
each side chain. 

EXPERIMENTAL EXAMPLE 54 

(Synthesis of curable fluorine-containing polymer having a-fluoroacryloyl group) 

[0387] Synthesis of a curable fluorine-containing polymer was carried out in the same manner as in Experimental 
Example 1 except that 4.8 g of the fluorine-containing allyl ether homopolymer having OH groups at each side chain 
and obtained in Preparation Example 1 0 was used instead of the fluorine-containing allyl ether polymer having hydroxyl 
and obtained in Preparation Example 1, and 3.1 g of pyridine and 2.0 g of a-fluoroacrylic acid fluoride were used. 
[0388] According to 19 F-NMR analysis of the obtained ether solution, the polymer was a polymer consisting of a 
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structural unit derived from the fluorine-containing allyl ether represented by the formula: 

o 

II 

<j)CCF=CH 2 
CH 2 =CFCF 2 OCFCF 2 OCFCH 2 OCH 2 CHCH 2 

CF, CF 3 OCCF=CH 2 

I 

[0389] The polymer was coated on a NaCI plate and formed into a cast film at room temperature. According to IR 
analysis, an absorption of a carbon-carbon double bond was observed at 1,660 cm- 1 and an absorption of C=0 group 
was observed at 1 ,770 cnr 1 . However an absorption of OH group could not be observed. 

INDUSTRIAL APPLICABILITY 

[0390] According to the present invention, there can be provided a curable fluorine-containing polymer which can 
realize a high hardness by photo-curing while maintaining a low refractive index. 

[0391] Further there can be provided an antireflection film possessing improved scratch resistance and abrasion 
resistance while maintaining a reflection reducing effect, and an anti reflection-treated article provided with such an 
antireflection film can be provided. 

Claims 

1. A curable fluorine-containing polymer which has a number average molecular weight of from 500 to 1 ,000,000 
and is represented by the formula (1): 



-fMi— f-Ai- 



in which the structural unit M is a structural unit derived from fluorine-containing ethylenic monomer and repre- 
sented by the formula (M): 



-f-cx x x 2 -cx 3 -t- 

(cx^ 5 fe-t ooyo-fe— Rf 



wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same 
or different and each is H, F or CF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group 
having 2 to 1 0 carbon atoms and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine- 
containing alky! group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 1 00 carbon 
atoms and ether bond; a is 0 or an integer of from 1 to 3; b and c are the same or different and each is 0 or 1 , 
the structural unit A is a structural unit derived from monomer copolymerizable with the fluorine-containing ethylenic 
monomer represented by the formula (M), 

said polymer comprises from 0.1 to 1 00 % by mole of the structural unit M and from 0 to 99.9 % by mole of the 
structural unit A. 
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A curable fluorine-containing polymer which has a number average molecular weight of from 500 to 1,000,000 
and is represented by the forttiula (1 -1 ): 



-£ Mi— i Al 6 A2f- (1 -1) 



in which the structural unit M is the same structural unit as said formula (M), 
the structural unit A1 is a structural unit represented by the formula (At) 



-f-CX n X 12 -GX 13 i- 



(Al) 



wherein X 11 , X 12 and X 13 are the same or different and each is H or F; X 14 is H, F or CF 3 ; h is 0, 1 or 2; i is 0 or 
1; Rf 4 is a fluorine-containing alkylene group having 1 to 40 carbon atoms or a fluorine-containing alkylene group 
having 2 to 1 00 carbon atoms and ether bond; Z 1 is selected from -OH, -CH 2 OH, -COOH, carboxylic acid derivative, 
-S0 3 H, sulfonic acid derivative, epoxy group and cyano group, 
the structural unit A2 is a structural unit represented by the formula (A2): 



^cx 15 x 16 ~cx 17 -h 

(cx 18 2 -frr( oijrtRf 5 ^— z 2 



wherein X 15 , X 16 and X 18 are H or F; X 17 Is H, F or CF 3 ; hi , i1 and j are 0 or 1 ; Z 2 is H, For CI; Rf 5 is a fluorine- 
containing alkylene group having 1 to 20 carbon atoms or a fluorine-containing alkylene group having 2 to 100 
carbon atoms and ether bond, 

said polymer comprises from 0.1 to 90 % by mole of the structural unit M, from 0 to 99.9 % by mole of the structural 
unit A1 and from 0 to 99.9 % by mole of the structural unit A2 and contains from 1 0 to 99.9 % by mole of A1 + A2. 

The curable fluorine-containing polymer of Claim 1 or 2, wherein at least one Y 1 is bonded to an end of Rf. 

The curable fluorine-containing polymer of any of Claims 1 to 3, wherein in the formula (1) or (1-1), the structural 
unit M is a structural unit M 1 derived from fluorine-containing ethylenic monomer and represented by the formula 
(M1): 



-fcx^-cx^ {M1) 

...I A . Gt . . ._ 



(CX 4 X 5 fe-i Ois— Rf 



wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same 
or different and each is H, F or CF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group 
having 2 to 10 carbon atoms and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine- 
containing alkyl group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 1 00 carbon 
atoms and ether bond; a is 0 or an integer of from 1 to 3; c is 0 or 1 . 
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5. The curable fluorine-containing polymer of any of Claims 1 to 3, wherein in the formula (1) or (1-1), the structural 
unit M is a structural unit M2 derived from fluorine-containing ethylenic monomer and represented by the formula 
(M2): 

+CH 2 -(^ ( M2) 
CF 2 — O— Rf 

wherein Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 2 to 10 carbon atoms 
and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl group having 1 
to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 1 00 carbon atoms and ether bond. 

15 6. The curable fluorine-containing polymer of any of Claims 1 to 3, wherein in the formula (1) or (1-1), the structural 
unit M is a structural unit M3 derived from fluorine-containing ethylenic monomer and represented by the formula 
(M3): 



to 



20 



30 



55 



O— Rf 



wherein Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 2 to 10 carbon atoms 
and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl group having 1 
to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond. 

7. The curable fluorine-containing polymer of any of Claims 1 to 6, wherein Y 1 is an organic group represented by 
the formula: 



-fOtr-fC-Q ) e — y 



wherein Y 2 is an alkenyl group or fluorine-containing alkenyl group having 2 to 5 carbon atoms and an ethylenic 
40 carbon-carbon double bond at an end thereof; d and e are the same or different and each is 0 or 1 . 

8. The curable fluorine-containing polymer of any of Claims 1 to 6, wherein Y 1 is represented by the formula: 

45 -0(C-0)CX 6 =CX 7 X 8 

wherein X 6 is H, F, CH 3 or CF 3 ; X 7 and X 8 are the same or different and each is H or F. 

9. The curable fluorine-containing polymer of any of Claims 2 to 8, wherein in the formula (1-1), the structural unit 
50 (A1 ) is represented by the formula (A1 -1): 



-f-CH 2 -CFi- (Al-1) 
CF 2 0-Rf 4 -Z 1 
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wherein Rf 4 and Z 1 are as defined in the formula (Ai). 



10. The curable fluorine of any of Claims 2 to 8, wherein in the formula (1-1 ), the struetiirai unit 

(At) is represented by the formula (A1-2): 

5 



T 2 | ] (A 1-2) 

to O-Rf^Z 1 

wherein Rf 4 and Z 1 are as defined in the formula (Ai). 

15 11. The curable fluorine-containing polymer of any of Claims 2 to 10, wherein in the formula (1 -1), the structural unit 
(A2) is a structural unit derived from at least one monomer selected from tetrafluoroethylene, vinylidene fluoride, 
ch I orotrif lu oroethy I ene an d hexafluorop ropyl en e. 

12. The curable fluorine-containing polymer of any of Claims 2 to 1 0, wherein the polymer of the formula (1 -1 ) comprises 
20 from 10 to 80 % by mole of the ' : ^%iydtUii^^untt : M s -ini!iirn'-1'-' : tb' : ^0 % by mole of the structural unit A1 and from 20 to 

85 % by mole of the structural unit A2 and contains from 20 to 90 % by mole of A1 + A2. 

13. The curable fluorine-containing polymer of any of Claims 1 to 1 2, which has a refractive index of not more than 1 .40. 

25 14. The curable fluorine-containing polymer of any of Claims 1 to 13, which is soluble in at least one solvent selected 
from the group consisting of ketone solvents, acetic acid ester solvents* alcohol solvents and aromatic hydrocarbon 
solvents. 

15. A process for preparing a curable fluorine-containing polymer having a number average molecular weight of from 
30 500 to 1 ,000,000, which is characterized by comprising: 

esterifying a fluorine-containing polymer having hydroxy I and represented by the formula (2) 



35 

-f N-)— fBi- (2) 



40 in which the structural unit N is a structural unit havm 

monomer and is represented by the formula (N): 



-f-CX^-CX 3 -}- 

<cx^ 5 tr-f c-oyo-^Rf 1 



wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same 
or different and each is H, F or CF 3 ; Rf 1 is an organic group in which 1 to 3 of Y 5 (Y 5 is hydroxy I or a monovalent 
organic group having 1 to 10 carbon atoms and hydroxy!) are bonded to a fluorine-containing alkyl group having 
1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond; a is 0 or 
55 an integer of from 1 to 3; b and c are the same or different and each is 0 or 1, 

the structural unit (B) is a structural unit derived from monomer copolymerizable with the fluorine-containing eth- 
ylene monomer having hydroxy! and represented by the formula (N), and 

the structural unit N and the structural unit B are contained in amounts of from 0.1 to 100 % by mole and from 0 



79 



EP1 347 001 A1 

to 99.9 % by mole, respectively, with an unsaturated carboxylic acid or its derivative having 3 to 10 carbon atoms 
(a total number of carbon atoms including carbon atoms of Y 5 is from 3 to 10) and represented by the formula : 



HOGG -f R^CX^CX 7 ^ 8 



wherein R 1 is a divalent organic group which has 1 to 7 carbon atoms and may be substituted with fluorine atom; 
10 X 6 is H, F, CH 3 or CF 3 ; X 7 and X 8 are the same or different and each is H or F; f is 0 or 1, 

said curable fluorine-containing polymer is represented by the formula (1a): 



15 



25 



-^M4-)— e-A-h (la) 



in which the structural unit M4 is a structural unit derived from a fluorine-containing ethylenic monomer and rep- 
20 resented by the formula (M4): 



■ | (M4) 



wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same 
30 or different and each is H, F or CF 3 ; Rf 2 is an organic group in which 1 to 3 of Y 6 having 3 to 10 carbon atoms and 

represented by the formula: 



35 -f R 2 % O(C«0 f—{ R X i^CX 6 =CX 7 X 8 

wherein R 1 , X 6 , X 7 , X 8 and fare as defined above; R 2 is a divalent organic group which has 1 to 7 carbon atoms 
and maybe substituted with fluorine atom; g is 0 or 1 , are bonded to a fluorine-containing alkyl group having 1 to 
40 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond; a is 0 or an 

integer of from 1 to 3; b and c are the same or different and each is 0 or 1 , the structural unit A is a structural unit 
derived from monomer copolymerizable with the fluorine-containing ethylenic monomer represented by the formula 
(M4), 

and the structural unit M4 and the structural unit A are contained in amounts of from 0.1 to 1 00 % by mole and 
45 from Oto 99.9 % by mole, respectively. 

16. A cured article which is obtained by photo-curing a curable fluorine-containing resin composition comprising: 

(a) the curable fluorine-containing polymer of any of Claims 1 to 14, and 
so (b) a curing initiator which initiates curing with active energy. 

17. A fluorine-containing resin composition for coating which comprises: 

(a) the curable fluorine-containing polymer of any of Claims 1 to 14, 
55 (b) a curing initiator which initiates curing with active energy, and 

(c) a solvent. 

18. The fluorine-containing resin composition for coating of Claim 1 7, wherein the solvent (c) is at least one selected 



80 



EP 1 347 001 A1 



from the group consisting of ketone solvents, acetic acid ester solvents, alcohol solvents and aromatic hydrocarbon 
solvents. 

19. A cured film which is obtained by photo-curing a coating film formed by applying the fluorine-containing resin 
5 composition for coating of Claim 17 or 18. 

20. An anti reflection film which is a cured film of a fluorine-containing prepolymer, wherein said fluorine-containing 
prepolymer has: 

to (i) a carbon-carbon unsaturated bond at an end of its side chain, and 

(ii) a refractive index of not more than 1 .40, and a thickness of the cured film is from 0.03 to 0.5 ^m. 

21. An antiref lection film which is a cured film obtained by photo-curing a coating film formed by coating a composition 
for coating which comprises: 

15 

(d) the prepolymer of Claim 20, 

(e) a curing initiator which initiates curing with active energy, and 

(f) a solvent, 

20 in which a thickness of said cured film is from 0.03 to 0.5 pm. 

22. An anti reflection film which is a cured film obtained by photo-curing a coating film formed by coating a composition 
for coating which comprises: 

25 (d) the prepolymer of Claim 20, 

(e) a curing initiator which initiates curing with active energy, 

(f) a solvent, and 

(g) a curing agent 

so in which a thickness of said cured film is from 0.03 to 0.5 urn. 

23. The antireflection film of Claim 21 or 22, wherein the solvent (f) is at least one selected from the group consisting 
of ketone solvents, acetic acid ester solvents, alcohol solvents and aromatic hydrocarbon solvents. 

35 24. The antireflection film of any of Claims 20 to 23, wherein the carbon-carbon unsaturated bond at an end of the 
fluorine-containing prepolymer is an ethylenic carbon-carbon double bond. 

25. The antireflection film of Claim 24, wherein the carbon-carbon unsaturated bond at an end of the fluorine-containing 
prepolymer is a radically polymerizabie carbon-carbon double bond. 

40 

26. The antireflection film of any of Claims 20 to 23, wherein the fluorine-containing prepolymer is at least one of the 
curable fluorine-containing polymers of Claims 1 to 14. 

27. The antireflection film of any of Claims 22 to 26, wherein the curing agent (g) is at least one selected from poly- 
45 functional acrylates obtained by replacing, with acrylate groups, two or more hydroxy! groups of polyalcohols having 

a fluorine-containing alkyl group which may have an ether bond or a fluorine-containing alkylene group which may 
have an ether bond; polyfu notion al methacrylates obtained by replacing, with methacrylate groups, two or more 
hydroxyl groups of polyalcohols having a fluorine-containing alkyl group which may have an ether bond or a fluorine- 
containing alkylene group which may have an ether bond; and polyfunctional a-fiuoroacrylates obtained by replac- 
50 ing, with a-fluoroacrylate groups, two or more hydroxyl groups of polyalcohols having a fluorine-containing alkyl 

group which may have an ether bond or a fluorine-containing alkylene group which may have an ether bond. 

28. The antireflection film of Claim 27, wherein the curing agent (g) is at least one of polyfunctional a-fluoroacrylates. 
55 29. The antireflection film of any of Claims 20 to 28, wherein a refractive index of the cured film is not more than 1 .45. 

30. An anti reflection-treated article obtained by forming the antireflection film of any of Claims 20 to 29 on a substrate. 



81 



EP 1 347 001 A1 



31. The ant i reflection-treated article of Claim 30, wherein a material of the substrate is at least one selected from the 
group consisting of an acrylic resin, polycarbonate, polyethylene terephthalate, poiyolefin and triacetyl cellulose. 

32. A fluorine-containing unsaturated compound represented by the formula (4-1 ): 

5 

CX 1 X 2 -CX 3 -(CX 4 X 5 ) a -(0) c -Rf' (4-1) 

wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same 
10 or different and each is H, F or CF 3 ; Rf is an organic group in which 1 to 3 of Y 3 (Y 3 is a monovalent organic group 

having 2 to 10 carbon atoms and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine- 
containing alkyl group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 1 00 carbon 
atoms and ether bond; a is 0 or an integer of from 1 to 3; c is 0 or 1 , 
said Y 3 is an organic group represented by the formula: 

15 

- (0) d -(C=0)-Y 4 

wherein Y 4 is an alkenyl group or fluorine-containing alkenyl group having 2 to 5 carbon atoms and an ethylenic 
20 carbon-carbon double bond at its end, d is 0 or 1 . 

33. The f luorine-containing unsaturated compound of Claim 32 which is represented by the formula 

25 CH^CF-CF^O-Rtf' (4-3) 

wherein Rf' is as defined in the formula (4-1). 

34. The fluorine-containing unsaturated compound of Claim 32 or 33, wherein Y 4 is represented by the formula: 

30 

-0(C=0)CX 6 =CX 7 X 8 

wherein X 6 is H, F, CH 3 orCF 3 ; X 7 and X 8 are the same or different and each is H or F. 
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